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FIRST PRELIMINARY AMENDMENT 



Box PCT 

Hon. Commissioner for Patents 
Washington, D.C. 20231 

SIR: 



Prior to calculation of fees and prior to examination on the merits, please 
amend the above-identified patent appUcation as follows: 
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CLEAN VERSION 



2 
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IN THE CLAIMS: 



Please delete claims 2 through 7 without prejudice. 



1. In a chuck device, including a base member and at least one claw 
p member movably mounted on said base member, for chucking a workpiece or a 

g; tool by moving said claw member, 

^ a chuck device comprising: 

%| an input member for applying a rotational drive force; 

# 

g a gear mechanism using a rotational drive force applied through said input 

^ member to drive a screw shaft member in an axial direction; and 

a conversion mechanism redirecting an axial drive force transferred 



through said screw shaft member and driving a claw member. 
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REMARKS 



Claims 2 to 7 are canceled to conform with U.S. Patent and Trademark 
Office multiple dependent claim practice as well as to reduce the filing fees due. 

Claim I is pending for purposes of present fee calculation. 

Claim 1 is not amended, but is provided in clean version for scanning 
convenience. Claim 1 will be removed in the second Preliminary Amendment. 
Please note that subsequent preliminary amendment providing additional revisions 
to the claims. 

No new matter is added and no further changes are made in this 
preliminary amendment, subsequent preliminary amendments will provide new 
claims but not new matter. 

The Commissioner is hereby authorized to charge payment of any fees 
associated with this commxmi cation, or credit any overpayment, to Deposit 
Account No. 13-4550. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE CLAIMS: 

Please delete claims 2-7 without prejudice. 



There are no amendments to claim 1 , which is presented above from the 
original translation for filing fee purposes only. 
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Prior to examination on the merits, please amend the above identified 
patent application to include the claims as follows: 
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CLEAN VERSION 
IN THE CLAIMS: 



Kindly cancel claim 1, without prejudice. 
Please add new claims 8-26, shown below: 

8, (NEW) A chuck device, comprising: 
a first base member; 

a second base member on said first base member; 

first means in said first base member for receiving and increasing a 
rotational force; 

second means in said first base member for receiving said rotational force 
from said first means and for increasing said rotational force into an increased 
rotational force; 

said second means for receiving including means for redirecting said 
increased rotational force perpendicular to said first means for receiving and 
increasing; 

means for converting said increased rotational force from said second 
means into an increased axial force perpendicular to said first and said second 
means; and 

said means for converting being operable between said first and said 
second base member, whereby said rotational force is transferred through said first 
base member to said second base member and converted into an increased axial 
force operable relative to said second base member. 

9. (NEW) A chuck device, according to claim 8, further comprising: 
means for chucking an external item in said second base member; and 
said means for chucking receiving said increased axial force and securely 

chucking said external item to said second base member, whereby said external 
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item is easily secured with a holding force magnified from said rotational force. 

10. (NEW) A chuck device, according to claim 9, further comprising: 
at least a first conversion member in said means for converting; 

said second means for receiving including means for driving said first 
conversion member away from said first means for receiving and increasing; 

at least a first sloped engagement groove on said first conversion member; 

at least a first claw member in said means for chucking; 

at least a first engagement section on said first claw member; 

said first sloped engagement groove being sloped relative to a first 
direction of motion of said first claw member relative to said second base 
member; 

said means for chucking including means for operating said at least first 
claw member axially along an axial direction of said second base member; and 

said first sloped engagement groove engaging said first engagement 
section being effective to retain said first engagement section and to drive said 
first engagement section in said first direction of motion and fix said external item 
to said second base member, whereby said external item is secured to said chuck 
device. 

1 1 . (NEW) A chuck device, according to claim 1 0, fiuther comprising: 
at least a first worm gear in said first means for receiving and increasing; 
at least a second worm wheel in said second means for receiving etnd for 

fiirther increasing said rotational force operable about a first diameter; 

said first worm gear having a first rotational axis and a second diameter; 

said second diameter greater tlian said first diameter; 

said second worm wheel having a second rotation axis; 

said first rotational axis being perpendicular to said second rotational axis; 

and 
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said first worm gear threadably engaging said second worm wheel and 
being effective to magnifying said rotational force. 

12. (NEW) A chuck device, according to claim 11, further comprising: 
a first operational axis on said means for converting; 

said first operation axis being parallel said second rotational axis; 

said first operational axis being perpendicular to said an axial direction of 
motion of said first claw member; 

said first operational axis being perpendicular to said first rotational axis; 

said first sloped engagement groove being sloped relative to said first 
operation axis; and 

said means for converting including means for receiving said increased 
rotational force and operating along said second rotational axis, whereby said first 
claw member operates simultaneously in said first direction of motion relative to 
said second base member and along said first sloped engagement groove relative 
to said first conversion member. 

13. (NEW) A chuck device, according to claim 12, further comprising: 
at least a first engagement groove in said second base member; 

at least a first leg on first claw member; 
said first leg in said first engagement groove; and 
said first engagement groove including means for engaging said first leg 
and operate said first claw member axially along said first direction of motion. 

14. (NEW) A chuck device, according to claim 13, wherein: 

said first sloped engagement groove has a slope of fi*om about 4 to about 
80 degrees relative to a direction of motion of said first claw member. 

15. (NEW) A chuck device according to claim 14, wherein said slope is 
from about 65 to about 75 degrees. 

16. (NEW) A chuck device, according to claim 13, wherein: 
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said first base member includes at least a first hole and a second hole; 

said first worm gear is disposed in said first hole; 

said second worm wheel is disposed in said second hole; 

at least a first cover; 

said first cover being fitted on at least a first face of said first base 
member; 

said at least first cover including means for operably retaining said first 
worm gear in said first hole and allowing external input of said rotational force; 
at least a second cover; 

said second cover being fitted on a second face of said first base member 
opposite said first face perpendicular to said second face; and 

said at least second cover including means for operably retaining said 
second worm wheel in said second hole and allowing operation of said conversion 
member relative to said worm wheel. 

17. (NEW) A chuck device, according to claim 16, fiirther comprising: 
at least a first grease access in said at least first claw member; 

said first grease access being parallel said first direction of motion; and 
said first grease access being operable along a first face of said first sloped 
engagement groove, whereby an external lubricant is easily applied between said 
conversion member and said first engagement section effective to allow smooth 
operation of said chuck device. 

18. (NEW) A chuck device, according to claim 17, fiarther comprising: 
a second sloped engagement groove on said first conversion member; 
a second claw member in said means for chucking; 

at least a second engagement section on said second claw member; 
said second sloped engagement groove being sloped relative to a second 
direction of motion of said second claw member relative to said second base 
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member; 

said means for chucking including means for operating said second claw 
member axiedly along said axial direction of said second base member; and 

said second sloped engagement groove engaging said second engagement 
section to retain said second engagement section and drive said second 
engagement section along said second direction of motion and fix said external 
item to said second base member, whereby said external item is secured to said 
chuck device. 

19. (NEW) A chuck device, comprising: 

a first base member; 

a second base member on said first base member; 
first means in said first base member for receiving and increasing a 
rotational force; 

second means in said first base member for receiving said rotational force 
from said first means and for further increasing said rotational force into an 
increased rotational force; 

said second means for receiving including means for redirecting said 
increased rotational force perpendicular to said first means for receiving and 
increasing; 

means for converting said increased rotational force from said second 
means into an increased axial force perpendicular said first and said second 
means; 

said means for converting being operable between said first and said 
second base member, whereby said rotational force is transferred through said first 
base member and into said second base member and converted into an increased 
axial force operable relative to said second base member; 

means for chucking an external item in said second base member; 
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said means for chucking receiving said increased axial force and securely 
chucking said external item to said second base member, whereby said external 
item is easily secured with a holding force magnified from said rotational force; 

at least a first conversion member in said means for converting; 

said second means for receiving including means for driving said first 
conversion member away from said first means for receiving and increasing; 

at least a first sloped engagement groove on said first conversion member; 

at least a first claw member in said means for chucking; 

at least a first engagement section on said first claw member; 

said first sloped engagement groove being sloped relative to a first 
direction of motion of said first claw member relative to said second base 
member; 

said means for chucking including means for operating said at least first 
claw member axially along an axial direction of said second base member; and 

said first sloped engagement groove engaging said first engagement 
section thereby to retain said first engagement section and to drive said first 
engagement section in said first direction of motion and fix said external item to 
said second base member, whereby said external item is secured to said chuck 
device. 

20. (NEW) A chuck device, comprising: 

first means for receiving and increasing a rotational force; 

second means for receiving and increasing said rotational force from said 
first means and outputting an increased rotational force; 

said second means for receiving redirecting and rotational force from a 
first base member to a second base member; 

means for receiving and converting said increased rotational force from 
said second means into an increased axial force; 
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means for chucking an external item to said second base member; and 
said means for chucking receiving said increased axial force and securing 
said external item to said second base member and said chuck device. 

21. (NEW) A chuck device, according to claim 20, further comprising: 
at least a first conversion member in said means for receiving and 

converting; 

at least a first sloped engagement groove on said first conversion member; 

at least a first claw member in said means for chucking; 

at least a first engagement section on said first claw member; 

said first sloped engagement groove being sloped relative to a direction of 
motion of said first claw member; 

said means for chucking including means for operating said at least first 
claw member axially along an axial direction of said second base member; and 

said first sloped engagement groove engaging said first engagement 
section thereby to diive said first engagement section in said direction of motion 
and fix said work item in said second base member, whereby said work item is 
secured in said chuck device, 

22. (NEW) A chuck device, according to claim 21, fiiither comprising: 
at least a first worm gear in said first means for receiving and increasing; 
at least a second worm wheel in said second means for receiving and 

increasing; 

said first worm gear having a first rotational axis; 

said second worm wheel having a second rotation axis; 

said first rotational axis being perpendicular to said second rotational axis; 

and 

said first worm gear threadably engaging said second worm and 
magnifying said rotational force. 
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23. (NEW) A chuck device comprising: 
a first base member; 

at least a first claw member movably mounted on said first base member, 
for chucking an external item by moving said first claw member; 

a first input member for receiving and applying a rotational force; 

a first gear mechanism including means for receiving and increasing said 
rotational force; 

a second gear mechanism including means for receiving said rotational 
force from said first gear mechanism, increasing said rotational force, and 
operating a screw shaft member along an axial direction perpendicular to said first 
input member; and 

a conversion mechanism for receiving said rotational force; 

said conversion mechanism including means for resisting rotation relative 
to said first input member, and for converting said rotational force into an axial 
force to drive said at least first claw member in an axial direction relative said first 
base member, whereby said chuck device securely engages said external item. 

24. (NEW) A chuck device, according to cl£iim 23, fiirther comprising: 
a worm gear in said first gear mechanism; 

a worm wheel in said second gear mechanism; 
said worm gear rotating integrally with said input member; 
said worm gear threadably engaging said worm wheel; 
a second gear mechanism including a threaded hole concentric with a 
center of said worm wheel; and 

a screw shaft member threadably engaging said threaded hole. 

25. (NEW) A chuck device, according to claim 24, wherein: 
said conversion mechanism includes a conversion member; 

said conversion member being secured to said screw shaft member; 
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at least a first sloped engagement groove on said conversion member; 

said first sloped engagement groove being sloped relative to a direction 
of motion of said first claw member; 

at least a first engagement section on said first claw member; and 

said first engagement section slidably engaging said first sloped 
engagement groove and preventing said conversion member fi-om rotating relative 
to said worm wheel. 

26. (NEW) A chuck device, according to claim 25, further comprising: 

at least a second claw member: 

said first and said second claw members being disposed facing each other 
on said base member; 

a first leg on said first claw member; 

a second leg on said second claw member; 

said first and said second legs slidably engaging a shared engagement 
groove on said base member effective to axially align said first and said second 
claw members; 

at least a second sloped engagement groove on said conversion member; 

said second sloped engagement groove sloped relative to a direction of 
motion of said second claw member; 

at least a second engagement section on said second claw member; 

said second engagement section slidably engaging said second sloped 
engagement groove and preventing said conversion member from rotating relative 
to said worm wheel; and 

said conversion mechanism effective to slidably engage and move said 
first and said second claw member symmetrically along said shared engagement 
groove. 
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REMARKS 



Claim 1 is canceled, without prejudice. 

New claims 8-27 are added to correspond roughly to the multiple 
dependent claims canceled without prejudice in the first preliminary amendment 
and to the corresponding multiple embodiments within the disclosure presented 
in the substitute specification. 

No new matter is added. 

The Commissioner is hereby authorized to charge payment of any required 
fees associated with this communication, or credit any overpayment, to Deposit 
Account No. 13-4550. 
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Date: September 10, 2001 

Attached: VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Respectfully submitted, 



Andrew F. Young 
Reg. No. 44,001 
Attorney for Applicant 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Kindly cancel claim 1, without prejudice. 
Please add new claims 8-26, as shown below: 

8. (NEW) A chuck device, comprising: 
a first base member: 

a second base member on said first base member: 

first means in said first base member for receiving and increasing a 
rotational force: 

second means in said first base member for receiving said rotational force 
from said first means and for increasing said rotational force into an increased 
rotational force; 



p said second means for receiving including means for redirecting said 

# increased rotational force perpendicular to said first means for receiving and 

^! increasing: 

means for converting said increased rotational force from said second 
s means into an increased axial force perpendicular to said first and said second 

means: and 

said means for converting being operable between said first and said 
Qr second base member, wherebv said rotational force is transferred through said first 

B base member to said second base member and converted into an increased axial 



force operable relative to said second base member. 

9. flSTEW) A chuck device, according to claim 8, further comprising: 
means for chucking an external item in said second base member: and 
said means for chucking receiving said increased axial force and securely 

chucking said external item to said second base member^ wherebv said external 
item is easily secured with a holding force magnified fi-om said rotational force. 

10. (>TEW) A chuck device, according to claim 9. further comprising: 
at least a first conversion member in said means for converting; 

said second means for receiving including means for driving said first 
conversion member away from said first means for receiving and increasing: 

at least a first sloped engagement groove on said first conversion member: 
at least a first claw member in said means for chucking: 
at least a first engagement section on said first claw member: 
said first sloped engagement groove being sloped relative to a first 
direction of motion of said first claw member relative to said second base 
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member: 

said means for chucking including means for operating said at least first 
claw member axiallv along an axial direction of said second base member: and 
said first sloped engagement groove engaging said first engagement 
section being effective to retain said first engagement section and to drive said 
first engagement section in said first direction of motion and fix said external item 
to said second base memben wherebv said external item is secured to said chuck 
device. 

1 1 . fNEW> A chuck device, according to claim 10, further comprising: 
at least a first worm gear in said first means for receiving and increasing: 
at least a second worm wheel in said second means for receiving and for 
further increasing said rotational force operable about a first diameter: 
^iflf said first worm gear having a first rotational axis and a second diameter: 

said second diameter greater than said first diameter: 
said second worm wheel having a second rotation axis: 
3 said first rotational axis being perpendicular to said second rotational axis: 

1=^ and 

said first worm gear threadablv engaging said second worm wheel and 
being effective to magnifying said rotational force. 
5:- 12. rNEW> A chuck device, according to claim 1 1. further comprising: 

M*. a first operational axis on said means for converting: 

said first operation axis being parallel said second rotational axis: 
said first operational axis being perpendicular to said an axial direction of 
motion of said first claw member: 

said first operational axis being perpendicular to said first rotational axis: 
said first sloped engagement groove being sloped relative to said first 
operation axis: and 

said means for converting including means for receiving said increased 
rotational force and operating along said second rotational axis, whereby said first 
claw member operates simultaneously in said first direction of motion relative to 
said second base member and along said first sloped engagement groove relative 
to said first conversion member. 

13. flsTEW) A chuck device, according to claim 12, further comprising: 

at least a first engagement groove in said second base member: 

at least a first leg on first claw member: 

said first leg in said first engagement groove: and 

said first engagement groove including means for engaging said first leg 
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and operate said first claw member axiallv along said first direction of motion. 
14. flSIEW^ A chuck device, according to claim 13, wherein: 
said first sloped engagement groove has a slope of from about 4 to about 

80 degrees relative to a direction of motion of said first claw member. 

15> (NEW1 A chuck device according to claim 14. wherein said slope is 

from about 65 to about 75 degrees. 

16> (NEW) A chuck device, according to claim 13. wherein: 

said first base member includes at least a first hole and a second hole: 

said first worm gear is disposed in said first hole: 

said second worm wheel is disposed in said second hole: 

at least a first cover: 

said first cover being fitted on at least a first face of said first base 
member; 

said at least first cover including means for operably retaining said first 
worm gear in said first hole and allowing external input of said rotational force: 

at least a second cover: 

said second cover being fitted on a second face of said first base member 
opposite said first face perpendicular to said second face: and 

said at least second cover including means for operably retaining said 
second worm wheel in said second hole and allowing operation of said conversion 
member relative to said worm wheel. 

17. (TsfEW) A chuck device, according to claim 16, further comprising: 
at least a first grease access in said at least first claw member: 

said first grease access being parallel said first direction of motion: and 
said first grease access being operable along a first face of said first sloped 
engagement groove, whereby an external lubricant is easily applied between said 
conversion member and said first engagement section effective to allow^ smooth 
operation of said chuck device. 

18. fiSfEWl A chuck device, according to claim 17. further comprising: 
a second sloped eng a gement groove on said first conversion member: 
a second claw member in said means for chucking: 

at least a second engagement section on said second claw member; 

said second sloped engagement groove being sloped relative to a second 
direction of motion of said second claw member relative to said second base 
member: 

said means for chucking including means for operating said second claw 
member axially along said axial direction of said second base member: and 
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said second sloped engagement groove engaging said second engagement 
section to retain said second engagement section and drive said second 
engagement section along said second direction of motion and fix said external 
item to said second base member, whereby said external item is secured to said 
chuck device. 

19, (NEW^ A chuck device, comprising: 

a first base member: 

a second base member on said first base member: 
first means in said first base member for receiving and increasing a 
rotational force: 

second means in said first base member for receiving said rotational force 
firom said first means and for further increasing said rotational force into an 
increased ro tational force: 

said second means for receiving including means for redirecting said 
increased rotational force perpendicular to said first means for receiving and 
increasing: 

means for converting said increased rotational force firom said second 
means into an increased axial force perpendicular said first and said second 
means: 

said means for converting being operable between said first and said 
second base member, wherebv said rotational force is transferred through said first 
base member and into said second base member and converted into an increased 
axial force operable relative to said second base member: 

means for chucking an external item in said second base member: 
said means for chucking receiving said increased axial force and securely 
chucking said external item to said second base member, whereby said external 
item is easily secured with a holding force magnified from said rotational force: 
at least a first conversion member in said means for converting: 
said second means for receiving including means for driving said first 
conversion member away from said first means for receiving and increasing; 

at least a first sloped engagement groove on said first conversion member: 
at least a first claw member in said means for chucking; 
at least a first engagement section on said first claw member: 
said first sloped engagement groove being sloped relative to a first 
direction of motion of said first claw member relative to said second base 
member: 

said means for chucking including means for operating said at least first 
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claw member axiallv along an axial direction of said second base member: and 
said first sloped engagement groove engaging said first engagement 
section thereby to retain said first engagement section and to drive said first 
engagement section in said first direction of motion and fix said external item to 
said second base member, whereby said external item is secured to said chuck 
device > 

20. OJEW^ A chuck device, comprising: 
first means for receiving and increasing a rotational force: 
second means for receiving and increasing said rotational force fi-om said 

first means and outputting an increased rotational force; 

said second means for receiving redirecting and rotational force firom a 

first base member to a second base member: 

lss^^ ' = — 

^ means for receiving and converting said increased rotational force fi:om 

# said second means into an increased axial force: 

® means for chucking an external item to said second base member: and 

said means for chucking receiving said increased axial force and securing 
said external item to said second base member and said chuck device. 

21. fNEW^ A chuck device, according to claim 20, fuither comprising: 
at least a first conversion member in said means for receiving and 

converting; 

at least a first sloped engagement groove on said first conversion member: 
M= at least a first claw member in said means for chucking: 

at least a first engagement section on said first claw member; 
said first sloped engagement groove being sloped relative to a direction of 
motion of said first claw member: 

said means for chucking including means for opemting said at least first 
claw member axiallv along an axial direction of said second base member: and 
said first sloped engagement groove engaging said first engagement 
section thereby to drive said first engagement section in said direction of motion 
and fix said work item in said second base member, whereby said work item is 
secured in said chuck device. 

22. (NEW) A chuck device, according to claim 21, fiuther comprising: 
at least a first worm gear in said first means for receiving and increasing: 
at least a second worm wheel in said second means for receiving and 

increasing: 

said first worm gear having a first rotational axis: 
said second worm wheel having a second rotation axis: 
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said first rotational axis being perpendicular to said second rotational axis: 

and 

said first worm gear threadablv engaging said second worm and 
magnifying said rotational force. 

23. (NEW) A chuck device comprising: 
a first base member; 

at least a first claw member movablv mounted on said first base member, 
for chucking an external item bv moving said first claw member: 

a first input member for receiving and applying a rotational force: 
a first gear mechanism including means for receiving and increasing said 



r^' rotational force: 

^ a second gear mechanism including means for receiving said rotational 

p force from said first gear mechanism, increasing said rotational force, and 

operating a screw shaft member along an axial direction perpendicular to said first 

^ input member: and 

a conversion mechanism for receiving said rotational force: 

g said conversion mechanism including means for resisting rotation relative 

to said first input member, and for converting said rotational force into an axial 
force to drive said at least first claw member in an axial direction relative said first 

rjj base member, whereby said chuck device securely engages said external item. 

pi 24. (NEWO A chuck device, according to claim 23, further comprising: 

a worm gear in said first gear mechanism: 



a worm wheel in said second gear mechanism: 

said worm gear rotating integrally with said input member: 

said worm gear threadably engaging said worm wheel: 

a second gear mechanism including a threaded hole concentric with a 

center of said worm wheel; and 

a screw shaft member threadablv engaging said threaded hole. 

25. fNEW^ A chuck device, according to claim 24, wherein: 

said conversion mechanism includes a conversion member: 

said conversion member being secured to said screw shaft member: 

at least a first sloped engagement groove on said conversion member: 

said first sloped engagement groove being sloped relative to a direction 

of motion of said first claw member: 

at least a first engagement section on said first claw member: and 

said first engagement section slidablv engaging said first sloped 

engagem ent groove and preventing said conversion member from rotating relative 
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to said worm whee L 

26. (NEW) A chuck device, according to claim 25. further comprising: ' 
at least a second claw member; 

said first and said second claw members being disposed facing each other 
on said base member: 

a first leg on said first claw member; 

a second leg on said second claw member; 

said first and said second legs slidably engaging a shared engagement 
groove on said base member effective to axiallv align said first and said second 
claw members; 

at least a second sloped engagement groove on said conversion member: 
said second sloped engagement groove sloped relative to a direction of 

motion of said second claw member: 

at legist a second engagement section on said second claw member: 
said second engagement section slidablv engaging said second sloped 

enga gement groove and preventing said conversion member from rotating relative 

to said worm wheel: and 

said conversion mechanism effective to slidablv engage and move said 

first and said second claw member svmmetricallv along said shared engagement 

groove. 
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CHUCK DEVICE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a chuck device. More specifically, the 
present invention relates to a chuck device with a plurality of gear mechanisms 
which increase a rotational drive force appUed through an input member. 

2. Description ofthe Related Art 

Conventionally, in machine tools, a chuck device secures a work piece or 
tool to a work surface. Work surfaces may include a table, a work pallet, or a 
principal axis clamp. Such chucking devices typically include a base member, 
secured to the work surface, and a claw member movably mounted on the base 
member. 

Conventional claw members are movable to allow the work piece or tool 
to be * chucked' or secured in the chuck device. Chuck devices may include one, 
two, or three claw members. 

Referring now to Fig. 9, a chuck device 100, secures a work piece Wa, 
Chuck device 100 includes a base member 101. An input shaft member 103 
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extends from inside base member 101 to project from a side opposite a claw 
member 1 02. Chuck device 1 00 also includes a conversion mechanism 1 04 and 
a hydraulic cylinder (not shown). 

A leg 102a, of claw member 102, slidably engages a T-shaped groove 
101a formed on base member 101. An outer end of input shaft 103 connects to 
the hydraulic cylinder (not shown). 

Conversion mechanism 104 includes a conversion member 105 secured 
to input shaft member 103. Conversion member 105 includes a sloped 
engagement groove 105a thereon. Sloped engagement groove 105a has a T- 
shaped cross-section and is sloped relative to the direction of motion of claw 
member 1 02. An engagement section 1 02b on claw member 1 02 slidably engages 
sloped engagement groove 105a. 

During operation, the hydraulic cylinder (not shown) drives input shaft 
member 103 and conversion member 105 in an axial direction. The resulting 
axial drive force is redirected by conversion mechanism 104. After redirection, 
the axial drive force is transferred to claw member 1 02, causing claw member 1 02 
to move in the direction of an arrow a. 

Referring now to Fig. 1 0, a chuck device 1 1 0 implemented by the present 
applicants includes a base member 1 1 1 , a claw member 112, and an input member 
113. Chuck device 110 also includes a conversion mechanism 114. 

A leg 1 12a, on claw member 1 12, slidably engages a T-shaped groove 
111a formed on base member 111. Input member 113, formed as a bolt, is 
screwed into base member 111. During operation, a rotational drive force is 
manually applied to input member 113, using a handle or other manual rotation 
tool 1 1 9, to tighten or loosen chuck device 110, 

Conversion mechanism 114 includes a conversion member 115 which 
receives and engages a head of a shaft of input member 113. A sloped surface 
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1 1 5a on conversion member 1 15 is sloped relative to a direction of movement of 
claw member 112. A sloped surface 112b on claw member 112 is in planar 
contact with sloped surface 1 15a. 

A compression spring 116 elastically biases claw member 112 toward 
input member 113. 

During operation, when input member 113 is rotated in a tightening 
direction, conversion member 1 1 5 is driven downward into base member 11 1 to 
force claw member 1 12 in the direction of an arrow b, thus securing a work piece 
Wb. When input member 1 1 3 is rotated in a loosening direction, the biasing force 
of compression spring 116 urges claw member 112 to move in the releasing 
direction of an arrow c to release work piece Wb. 

In conventional chuck devices, drive force applied through an input 
member is marginally increased (multiplied) to drive claw members. 
Unfortunately, any increase in drive force applied through the input member is 
limited by the sloped engagement grooves and sloped surfaces used in a 
conversion mechanism. This is a physical and design limitation which makes it 
difficult to provide a high force (since there is a lack of a multiplication rate) to 
increase the ratio to grip a work piece. As a result, in manually driven chuck 
devices, it is difficult to chuck a work piece or tool firmly. Failure to firmly 
chuck a work piece or tool may lead to reduced machining precision and damage 
to cutting tools. Manual operation may result in reduced ease of use and lower 
production efficiency. Repetitive manual chucking may lead to physically 
fatigued operators thus increasing safety risks and extending chucking time. In 
sxmi, manual chucking operations reduce productivity. 

Unfortunately, where an automatic chuck devices drives the input member, 
the actuator makes the chuck device larger. The increase in size, increases 
production costs, production risks, and reduces productivity. 
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Increasing the slopes of the sloped engagement groove can improve the 
rate at which the drive force is increased. Unfortunately, the ratio of the 
displacement of a claw member to a displacement of the conversion member is 
very small. This ratio limits the size of the work piece or tool that can be 
chucked, thus further reducing operational versatility. 

OBJECTS AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a chuck device that 
improves and increases a rate of applied drive force. 

Another object of the present invention is to provide a chuck device that 
improves usability and increases the efficiency and force of chucking operations. 

Another object of the present invention is to provide a chuck device that 
is compact. 

Another object of the present invention is to provide a highly versatile 
chuck device, easily adaptable to multiple production environments. 

It is another object of the present invention to provide a chuck device that 
is readily adaptable to one or two claw embodiments, stationary or mobile 
embodiments, and flat, tilted, or multi-axial positions. 

The present invention relates to a chuck device including a first worm 
gear mechanism linked to a second worm wheel mechanism which operate in 
tandem to receive, increase, and redirect an input rotational drive force. A 
conversion mechanism receives and further augments the drive force from the 
second worm gear mechanism and converts the drive force into an axial force. 
The conversion mechanism transfers the axial force symmetrically to a pair of 
claw members. The claw members move relative to each other and firmly secure 
a work item to the chuck device. 
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According to an embodiment of the present invention, there is provided 
a chuck device comprising: a first base member, a second base member on the 
first base member, first means for receiving and increasing a rotational force, the 
first means for receiving and increasing in the first base member, second means 
for receiving the rotational force fi-om the first means and for further increasing 
the rotational force into an increased rotational force, the second means for 
receiving in the first base member, the second means for receiving effective to 
redirect the increased rotational force perpendicular to the first means for 
receiving and increasing, means for converting the increased rotational force from 
the second means into an increased axial force perpendicular to the first and the 
second means, and the means for converting operable between the first and the 
second base member, whereby the rotational force is transferred through the first 
base member to the second base member and converted into an increased axial 
force operable relative to the second base member. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: means for chucking an external item 
in the second base member, and the means for chucking receiving the increased 
axial force and securely chucking the extemal item to the second base member, 
whereby the extemal item is easily secured with a holding force magnified from 
the rotational force. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: at least a first conversion member 
in the means for converting, the second means for receiving effective to drive the 
first conversion member away from the first means for receiving and increasing, 
at least a first sloped engagement groove on the first conversion member, at least 
a first claw member in the means for chucking, at least a first engagement section 
on the first claw member, the first sloped engagement groove sloped relative to 
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a first direction of motion of the first claw member relative to the second base 
member, the means for chucking effective to operate the at least first claw 
member axially along an axial direction of the second base member, and the first 
sloped engagement groove engaging the first engagement section effective to 
retain the first engagement section and to drive the first engagement section in the 
first direction of motion and fix the external item to the second base member, 
whereby the external item is secured to the chuck device. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: at least a first worm gear in the first 
means for receiving and increasing, at least a second worm wheel in the second 
means for receiving and for further increasing, the rotational force operable about 
a first diameter, the first worm gear having a first rotational axis and a second 
diameter, the second diameter greater than the first diameter, the second worm 
wheel having a second rotation axis, the first rotational axis perpendicular to the 
second rotational axis, and the first worm gear threadably engaging the second 
worm wheel and effective to magnifying the rotational force. 

According to another embodiment of the present invention there is 
provided a chuck device, fiirther comprising: a first operational axis on the means 
for converting, the first operation axis parallel the second rotational axis, the first 
operational axis perpendicular the an axial direction of motion of the first claw 
member, the first operational axis perpendicular to the first rotational axis, the 
first sloped engagement groove sloped relative to first operation axis, and the 
means for converting effective to receive the increased rotational force and 
operate along the second rotational axis, whereby the first claw member operates 
simultaneously in the first direction of motion relative to the second base member 
and the along the first sloped engagement groove relative to tlie first conversion 
member. 
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According to another embodiment of the present invention there is 
provided a chuck device, fiirther comprising: at least a first engagement groove 
in the second base member, at least a first leg on first claw member, the first leg 
in the first engagement groove, and the first engagement groove effective to 
engage the first leg and operate the first claw member axially along the first 
direction of motion. 

According to another embodiment of the present invention there is 
provided a chuck device, wherein: the first sloped engagement groove has a slope 
on or about 70 degrees relative to a dnection of motion of the first claw member. 

According to another embodiment of the present invention there is 
provided a chuck device, wherein: the first base member includes at least a first 
hole and a second hole, the first worm gear in the first hole, the second worm 
wheel in the second hole, at least a first cover, the first cover on at least a first face 
of the first base member, the at least first cover effective to operably retain the 
first worm gear in the first hole and allow external input of the rotational force, 
at least a second cover, the second cover on a second face of the first base member 
opposite, the first face perpendicular to the second face, and the at least second 
cover effective to operably retain the second worm wheel in the second hole and 
allow operation of the conversion member relative to the worm wheel. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: at least a first grease access in the 
at least first claw member, the first grease access parallel the first direction of 
motion, and the first grease access operable along a first face of the first sloped 
engagement groove, whereby an external lubricant is easily applied between the 
conversion member and the fust engagement section effective to allow smooth 
operation of the chuck device. 

According to another embodiment of the present invention there is 
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provided a chuck device, further comprising: a second sloped engagement groove 
on the first conversion member, a second claw member in the means for chucking, 
at least a second engagement section on the second claw member, the second 
sloped engagement groove sloped relative to a second direction of motion of the 
second claw member relative to the second base member, the means for chucking 
effective to operate the second claw member axiall}^ along the axial direction of 
the second base member, and the second sloped engagement groove engaging the 
second engagement section effective to retain the second engagement section and 
drive the second engagement section along the second direction of motion and fix 
the external item to the second base member, whereby the external item is secured 
to the chuck device. 

According to another embodiment of the present invention there is 
provided a chuck device, comprising: a first base member, a second base member 
on the first base member, first means for receiving and increasing a rotational 
force, the first means for receiving and increasing in the first base member, second 
means for receiving the rotational force from the first means and for further 
increasing the rotational force into an increased rotational force, the second means 
for receiving in the first base member, the second means for receiving effective 
to redirect the increased rotational force perpendicular to the first means for 
receiving and increasing, means for converting the increased rotational force from 
the second means into an increased axial force perpendicular the first and the 
second means, the means for converting operable between the first and the second 
base member, whereby the rotational force is transferred through the first base 
member and into the second base member and converted into an increased axial 
force operable relative to the second base member, means for chucking an external 
item in the second base member, the means for chucking receiving the increased 
axial force and securely chucking the external item to the second base member, 
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whereby the external item is easily secured with a holding force magnified from 
the rotational force, at least a first conversion member in the means for 
converting, the second means for receiving effective to drive the first conversion 
member away from the first means for receiving and increasing, at least a first 
sloped engagement groove on the first conversion member, at least a first claw 
member in the means for chucking, at least a first engagement section on the first 
claw member, the first sloped engagement groove sloped relative to a first 
direction of motion of the first claw member relative to the second base member, 
the means for chucking effective to operate the at least first claw member axially 
along an axial direction of the second base member, and the first sloped 
# engagement groove engaging the fiirst engagement section effective to retain the 

first engagement section and to drive the first engagement section in the first 
direction of motion and fix the external item to the second base member, whereby 
the external item is secured to the chuck device. 
M; According to another embodiment of the present invention there is 

provided a chuck device, comprising: first means for receiving and increasing a 
rotational force, second means for receiving and increasing the rotational force 
from the first means and outputting an increased rotational force, the second 
means for receiving redirecting and rotational force from a first base member to 
a second base member, means for receiving and converting the increased 
rotational force from the second means into an increased axial force, means for 
chucking an extemal item to the second base member, and the means for chucking 
receiving the increased axial force and securing the extemal item to the second 
base member and the chuck device. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: at least a first conversion member 
in the means for receiving and converting, at least a first sloped engagement 
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groove on the first conversion member, at least a first claw member in the means 
for chucking, at least a first engagement section on the first claw member, the first 
sloped engagement groove sloped relative to a direction of motion of the first claw 
member, the means for chucking effective to operate the at least first claw 
member axially along an axial direction of the second base member, and the first 
sloped engagement groove engaging the first engagement section effective to 
drive the first engagement section in the direction of motion and fix the work item 
in the second base member, whereby the work item is secured in the chuck device. 

According to another embodiment of the piesent invention there is 
provided a chuck device, further comprising: at least a first worm gear in the first 
means for receiving and increasing, at least a second worm wheel in the second 
means for receiving and increasing, the first worm gear having a first rotational 
axis, the second worm wheel having a second rotation axis, the first rotational axis 
perpendicular to the second rotational axis, and the first worm gear operably 
threadably engaging the second worm and magnifying the rotational force. 

According to another embodiment of the present invention there is 
provided a chuck device, including a first base member and at least a first claw 
member movably mounted on the first base member, for chucking an external 
item by moving the first claw member, the chuck device comprising: a first input 
member for receiving and applying a rotational force, a first gestr mechanism 
effective to receive and increase the rotational force, a second gear mechanism 
effective to receive the rotational force from the first gear mechanism, increase the 
rotational force, and operate a screw shaft member along an axial direction 
perpendicular to the first input member, and a conversion mechanism effective to 
receive the rotational force, resist rotation relative to the first input member, and 
convert the rotational force into an axial force to drive the at least first claw 
member in an axial direction relative the first base member, whereby the chuck 
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device securely engages the eKtemal item. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: a worm gear in the first gear 
mechanism, a worm wheel in the second gear mechanism, the worm gear rotating 
integrally with the input member, the worm gear threadably engaging and the 
worm wheel, the second gear mechanism including a threaded hole concentric 
with a center of the worm wheel, and a screw shaft member threadably engaging 
the threaded hole. 

According to another embodiment of the present invention there is 
provided a chuck device, wherein: the conversion mechanism includes a 
conversion member, the conversion member secured to the screw shaft member 
and at least a first sloped engagement groove on the conversion member, the first 
sloped engagement groove sloped relative to a direction of motion of the first claw 
member, at least a first engagement section on the first claw member, and the first 
engagement section slidably engaging the first sloped engagement groove and 
preventing the conversion member from rotating relative to the worm wheel. 

According to another embodiment of the present invention there is 
provided a chuck device, further comprising: at least the first and a second claw 
member, the first and the second claw members disposed facing each other on the 
base member, a first leg on the first claw member, a second leg on the second 
claw member, the first and the second legs slidably engaging a shared engagement 
groove on the base member effective to axially align the first and the second claw 
members, at least a second sloped engagement groove on the conversion member, 
the second sloped engagement groove sloped relative to a direction of motion of 
the second claw member, at least a second engagement section on the second claw 
member, the second engagement section slidably engaging the second sloped 
engagement groove and preventing the conversion member from rotating relative 



Patent 13 M1990-17.PA3 

W MJSERS\andrcw\wpdata\M1990~17 PA3 

to the worm wheel, and the conversion mechanism effective to slidably engage 
and move the first and the second claw member symmetrically along tfie shared 
engagement groove. 

The present invention provides a chuck device for chucking a workpiece 
or a tool by moving single or multiple claw members. The chuck device includes 
a base member and at least one claw member movably mounted on the base 
member. The chuck device also includes an input member for applying a 
rotational drive force, a gear mechanism using a rotational drive force applied 
through the input member to drive a screw shaft member in an axial direction, and 
a conversion mechanism redirecting an axial drive force transferred through the 
screw shaft member and driving a claw member. 

The above, and other objects, features and advantages of the present 
invention will become apparent from the following description read in 
conjiHiction with the accompanymg drawings, in which like reference numerals 
designate the same elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective drawing of a chuck according to an embodiment of 
the present invention. 

Fig. 2 is a plan drawing of the chuck device of Fig. 1 . 

Fig. 3 is a front-view drawing of the chuck device of Fig. 1. 

Fig. 4 is a vertical cross-section drawing of the chuck device in a chucked 

state. 

Fig. 5 is a vertical cross-section drawing of the chuck device in an 
unchucked state. 

Fig- 6 is a cross-section drawing taken along the VI- VI line in Fig. 4. 
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Fig. 7 is a vertical cross-section drawing of a conversion member. 

Fig. 8 is a plan drawing of a conversion member. 

Fig, 9 is a vertical cross-section of a conventional chuck device. 

Fig. 10 is a vertical cross-section drawing of another conventional chuck 

device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Figs. 1 and 2, a two-claw-type chuck device 1 includes 
a base member 2 and a pair of claw members 3, Chuck device 1 also includes 
front and rear input shaft members 4 and a worm gear mechanism 5 (shown later) 
in base member 2. A second gear mechanism 6 (shown later), and a conversion 
mechanism 7 extend from base member 2 into an upper block 1 0. Claw members 
3 fix a workpiece W in chuck device 1, as will be described. 

During operation, input shaft member 4 receives an input rotational force, 
not shown. Input shaft member 4 rotates to transmit an input rotational force to 
worm gear mechanism 5, second gear mechanism 6, and conversion mechanism 
7. The input rotational force is magnified and transferred to claw members 3. 
During operation, a left claw member 3b and a right claw member 3c move 
symmetrically to axially inward to fix workpiece W in chuck device 1, as will be 
explained. 

The illustrated base member 2 is a wide rectangular shape when seen from 
above. However, base member 2 may be of any shape sufficient to embody the 
present invention and support workpiece W. 

Base member 2 includes integrally formed upper block 10 and a lower 
block 20. Lower block 20 is wider than upper block 1 0 for stability, but may have 
other shapes sufficient to stabilize workpiece W. 
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Claw members 3 are movably mounted on an upper surface (upper surface 
section) of upper block 10. Four bolt holes 2a are located in the comer areas of 
lower block 20. Four bolts (not shown) are insertable into bolt holes 2a to secure 
base member 2 to the table (not shown) of a machine tool (not shown) to support 
lower block 20. 

An engagement groove 1 1 along a left-right axis of upper block 10 has an 
approximately T-shape cross-section. 

A pair of legs 30 (only one of which is shown), on respective claw 
members 3, are slidably engaged in shared engagement groove 1 1 . Upper block 
10 mcludes a lowered section 12 to form a shelf 12a at a central section along the 
left-right axis. A hole 13 in upper block 10 extends downward from lowered 
section 12 to lower block 20 to communicate with engagement groove 1 1 . 

Claw members 3 are symmetrically positioned in upper block 10, Each 
claw member 3 includes a leg 30 with a main claw unit 3 1 extending above leg 
30, terminating in an engagement section 52. Engagement sections 52 are located 
on the end of each leg 30, near lowered section 12. 

Conversion mechanism 7 includes a conversion member 50, a sloped 
engagement grooves 51, and engagement sections 52. 

Main claw unit 31 includes a pair of front and rear claw sections 31a 
extending upward from the upper end of leg 30. A groove 3 lb is formed inside 
main claw unit 3 and is surrounded by claw sections 3 la and the upper end of leg 
30. 

Front and rear claw sections 3 la extend parallel to each other along the 
left-right axis of chuck device 1 . The upper ends of front and rear claw sections 
3 la of the left and right claw members 3 face each other. The facing ends of left 
and right claw sections 31a chuck (hold) workpiece W on lowered section 12 
thereby supporting workpiece W from both ends. 
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A horizontal hole 21 on a first side of lower block 20 extends through 
from the first side to the second side of lower block 20. A pair of covers 24 are 
fitted into a firont and a rear side of hori2X)ntal hole 21 (rear side cover 24 not 
shown). During operation, covers 24 prevent input shaft member 4 from slipping 
out of lower block 20. 

An angular hole 4a at an outer end of input shaft member 4 receives an end 
of a rotation tool, such as a hexagonal wrench. Rotation of the rotation tool, 
rotates input shaft member 4 to apply rotational drive force to tighten or loosen 
chuck device 1 . 

Referring now to Figs. 3 to 5, a vertical hole 22 extends upward from a 
bottom of lower block 20 to a center portion of lower block 20. A right end of 
vertical hole 22 communicates with horizontal hole 21, as will be described. A 
vertical hole 23 extends upweird from vertical hole 22 into upper block 10. 
Vertical hole 23 commimicates with hole 1 3. A cover 25 is fitted into the bottom 
of vertical hole 22, as will be described. 

During operation, input shaft members 4 receive input rotational drive 
force for application to chuck device 1 . Front and rear input shaft members 4 in 
horizontal hole 21 of base member 2 is fitted into lower block 20 where they are 
rotatably supported by respective covers 24. 

Worm gear mechanism 5 in horizontal hole 21 includes a worm gear 40. 
During assembly, inner ends of input shaft members 4 are inserted into worm gear 
40. A key member 26, links input shaft members 4 to worm gear 40 to prevent 
their relative rotation. 

Each leg 30 of each claw member 3 include a grease hole 3a. During 
operation and maintenance, lubricant fed into grease holes 3a and between sloped 
engagement grooves 51 and engagement sections 52 lubricates chuck device 1. 

Worm gear mechanism 5, mounted inside base member 2, includes a 
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worm gear 40, which rotates integrally with input shaft members 4 in mesh with 
a worm wheel 41, 

Worm wheel 41 is disposed within vertical hole 22 of base member 2. 
Cover 25 and base member 2 rotatably support worm wheel 41 to prevent worm 
wheel 41 from moving along its axis. Worm wheel 41 is rotatably fitted and 
screwed to a screw shaft member 46 of second gear mechanism 6. 

Second gear mechanism 6 is mounted in base member 2. Second gear 
1^., mechanism 6 drives screw shaft member 46 axially using the rotational drive 

force transferred j&om worm gear mechanism 5. 



5 

o 

O Second gear mechanism 6 includes a threaded hole 45 formed concentric 



wit a center of worm wheel 41. During assembly, screw shaft member 46 is 
screwed into threaded hole 45. A bolt 47 is inserted in the center of screw shaft 
member 46 with the threaded section of boh 47 projecting upward beyond screw 
shaft member 46 to link into conversion member 50 of conversion mechanism 7 
so that screw shaft member 46 and conversion member 50 are fixed together. 
O A collar member 48 is secured between screw shaft member 46 and a head 

of bolt 47. Collar member 48 has a diameter that is slightly smaller than that of 
a hole 25a of cover 25. 

During operation, when screw shaft member 46 is in a lowered state, collar 
member 48 fits into hole 25a to place the axial center of the screw shaft member 
46 and the rotational center of the worm wheel 41 in fixed positions. 

Conversion mechanism 7 changes the direction of tlie axial drive force 
transferred by screw shaft member 46, thereby transferring this force 
S3anmetrically to left-right force on claw members 3. 

Referring now to Figs. 6 to 8, worm gear mechanism 5 increases drive 
torque by slowing down the rotational drive force input from input shaft member 
4. 
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Conversion member 50 is secured to screw shaft member 46 by bolt 47. 
Conversion member 50 is disposed within holes 13 and vertical hole 23 in base 
member 2. Conversion member 50 includes T-shaped sloped engagement grooves 
51 each sloped in the direction of movement of its respective claw member 3. 

Claw members 3 each include engagement sections 52 which slidably 
engage sloped engagement grooves 51 . Each engagement section 52 engages its 
respective sloped engagement groove 5 1 , thereby preventing conversion member 
50 from rotating relative to base member 2, Since each engagement section 52 
engages with each sloped engagement groove 5 1 on conversion member 50, claw 
members 3 operate simultaneously to capture or release workpiece W. 

In one particulai' embodiment of the present invention, sloped engagement 
grooves 51 are sloped at approximately 70 degrees relative to the direction of 
motion of claw members 3 (the horizontal direction). During operation, as 
engagement grooves 50 move lower relative to a top surface of upper block 1 0, 
they move further from the axial center of conversion member 50. 

As the conversion member 50 and screw shaft member 46 move lower 
relative to the top surface of upper block 1 0, claw members 3 move closer to each 
other. Conversely, as conversion member 50 and screw shaft member 46 move 
higher, the claw members 3 move ftirther apart. 

The operations and advantages of the two-claw chuck device 1 will be 
described. 

During operation, when chucking workpiece W into chuck device 1 , 
conversion member 50 is first moved upward to provide adequate space between 
claw members 3. Workpiece W is then set onto lowered section 12. When 
conversion member 50 is moved to an uppermost position, claw members 3 are 
separated by a maximum distance. However, when setting workpiece W, claw 
members 3 may not need to be separated by the maximum distance and are 
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adjxistable according to operational needs. 

After insertion, the end of the rotation tool (hexagonal wrench) engages 
angular hole 4a of input shaft member 4 to manually rotate input shaft member 4 
thereby to move claw members 3 toward each other. In worm gear mechanism 
5, wonn gear 40 rotates integrally with input shaft member 4, and worm wheel 4 1 , 
meshed with worm gear 40, rotates around the vertical axis. 

In second gear mechanism 6, worm wheel 41 is restrained from vertical 
movement when worm wheel 41 is rotated, and screw shaft member 46, screwed 
into threaded hole 45 of worm wheel 41 is driven downward. Conversion 
member 50, secured to screw shaft member 46 is correspondingly lowered. 

In conversion mechanism 7, when conversion member 50 moves 
downward, sloped engagement grooves 51, and engagement sections 52 cause 
claw members 3 to move toward workpiece W. 

Upon tightening, the upper ends of claw sections 3 la of claw members 3 
firmly chuck workpiece W, thereby securing workpiece W for machining. 
Machining is then performed on workpiece W in a chucked state. 

When removing workpiece W, the rotation tool rotates input shaft member 
4 in an opposite direction to separate claw members 3 . The rotation causes screw 
shaft member 46 to move upward, thus causing conversion member 50, secured 
to screw shaft member 46, to move upward as well, thereby driving claw members 
3 apart (through conversion mechanism 7) to releases workpiece W. 

According to the present invention, worm gear mechanism 5 allows the 
rotational drive force input through input shaft member 4 to be significantly 
mechanically multiplied. Furthennore, second gear mechanism 6 further 
increases the rotational drive force transferred from worm gear mechanism 5 
before transferring the force to screw shaft member 46 and driving screw shaft 
member 46 in the axial direction. The axial drive force transferred by screw shaft 
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member 46 is redirected and increased by conversion mechanism 7 and is 
transferred substantially equally to claw members 3. Claw members 3 move 
symmetrically. 

The drive force input through input shaft member 4 can be increased in 
three stages and then transferred to claw members 3, As a result, simply applying 
a manual drive torque to input shaft member 4 can easily and firmly chuck 
workpiece W into chuck device 1 . This improves the usability of chuck device 
1 to make chucking operations more efficient, thus minimizing machining 
imprecision and damage to cutting tools. 

A high ratio for increasing the drive force can be provided even without 
a very large ratio between the displacement stroke of claw members 3 and the 
displacement strokes of conversion member 50 and screw shaft member 46. 

Since claw members 3 are mounted on the upper surface of base member 
2, and since worm gear mechanism 5 and second gear mechanism 6 are mounted 
inside base member 2, the structure for increasing the drive force is compact. The 
entry of debris, such as cuttings, into gear mechanisms 5, 6 is minimized. 

Since claw members 3 face each other, and since legs 30 slidably engage 
shared engagement groove 1 1 , shared engagement groove 1 1 reliably guides and 
supports claw members 3 on a common axis. As a result, workpiece W is reliably 
chucked and supported from either side by claw members 3. 

Multiple additional embodiments of chuck device 1 are described below 
each containing the essence of the invention. 

In a another embodiment, worm gear mechanism 5 may be omitted and a 
rotation member may be provided to substitute for worm wheel 41 . This allows 
screw shaft member 46 to screw into a tlireaded hole formed in the rotation 
member. Alternative input members to receive rotational drive force may be 
provided to rotate the rotation member and drive screw shaft member 46 axially. 
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In another embodiment, a single claw member may replace claw members 
3. In this embodiment, workpiece W is chucked by supporting it between the 
claw member and a receiving section of base member 2. Alternatively, three claw 
members can be provided. Workpiece W can be chucked using these three claw 
members. Changes in the number of claw members can be easily handled simply 
by changing the number and positions of the sloped engagement grooves formed 
on conversion member 50 in conversion mechanism 7. 

In a third embodiment, input shaft member 4 may be rotated by an actuator 
such as a motor to apply rotational drive force to input shaft member 4, Since 
rotation of input shaft member 4 does not require a high drive force, the actuator 
can be compact, thus allowing chuck device 1 to be compact and minimize 
production costs. 

In a fourth embodiment, an upper plate, used to chuck workpiece W by 
supporting it in cooperation with one of claw members 3, can be secured to 
lowered section 12 using bolts screwed into lowered section 12. Here, the other 
claw member 3 is not used. In this embodiment, mounting the upper plate 
adapted to work pieces having unusual shapes, makes it possible to chuck or 
secure work pieces smaller than work piece W. Furthermore, after the upper plate 
is mounted, the upper plate may adapt to a particular shape corresponding to the 
shape of an oddly shaped work piece. This embodiment provides reliable 
chucking for different or oddly shaped work pieces W. 

The present invention may be used in chuck devices that secure the work 
piece to a rotating body of a machine tool or that secure tools to a principal 
operational axis. 

With chuck device 1, according to the present invention, a light manual 
drive force, applied to drive claw members 3, is multiplied to forcefully and 
firmly chuck workpiece W, thus increasing operation efficiency. As described 
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above, 'chucking' is meant to indicate securely retaining a work piece or tool in 
chuck device 1 . During operation of chuck device 1 , either a work piece or a tool 
should be understood as a work item. The phrase 'work item' represents an item 
which must be held securely and steadily in chuck device 1 and may be either a 
work piece or a tool used on a work piece. 

Chuck device 1 may include from one-claw to multi-claw embodiments 
adapted from the principal of the present invention. For example, in a one-claw 
embodiment, one of the claws is replaced with a fixed member. In a three-claw 
embodiment, the claws operate radially from a common center to fix a workpiece. 

It should be understood, that chuck device 1 operates as a way to chuck or 
retain items, such as work piece W or a tool, during a processing operation. 

During operation, when rotational drive force is applied through the input 
member, the rotational drive force drives the screw shaft member in the axial 
direction via a gear mechanism. The axial drive force transferred to the screw 
shaft member is redirected by a conversion mechanism for transfer to the claw 
member, thereby moving the claw member. The gear mechanism allows the 
rotational drive force applied through the input member to be significantly 
increased as it is transferred to the screw shaft member. 

Since the drive force applied to the input member is multiplied 
significantly as it is transferred to the claw member, a work piece or tool can be 
firmly chucked by the claw member by applying a relatively small drive force to 
the input member. This ability to multiply input force improves the efficiency of 
chucking operations. 

During operation, if an actuator is used to drive the input member, a 
relatively small actuator can be used, thus allowing the chuck device to be 
compact and reducing production costs. 

A high drive rate increase ratio can be provided without excessively 
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increasing the ratio of the displacement stroke of the screw shaft member or the 
like to the displacement stroke of the claw member. 

In the chuck device described, the gear mechanism may include a worm 
gear mechanism for slowing down the rotational drive force applied through the 
input member and a second gear mechanism that uses the rotational drive force 
transferred from the worm gear mechanism to drive the screw shaft member in an 
axial direction. The worm gear mechanism significantly increases the rotational 
drive force applied to the input member and provided a great benefit. The 
rotational drive force increased by the worm gear mechanism is further increased 
by the second gear mechanism, which transfers the drive force to the screw shaft 
member, driving it in the axial direction. Operating together, an initial rotational 
force is greatly increased to permit the chuck mechanism to be easily, simply, and 
accurately adjusted. 

During operation, when screw shaft member 46 is driven in the axial 
direction, conversion mechanism 7 drives conversion member 50 integrally v^th 
screw shaft member 46, changing the engagement position of engagement 
sections 52 in sloped engagement grooves 5 1 . As a result, the drive force in the 
axial direction from screw shaft member 46 is further multiplied when transferred 
to claw member 3. 

Although chuck device 1 is shown with a pair of claw members 3, a single 
claw member can be used on chuck device 1 to retain work piece W between the 
single claw member and a fixed member or an external fixed or movable member. 

The input member of the chuck device can be driven manually but is easily 
adapted for driving by a small electrical or hydraulic actuator. 

Although only a single or few exemplary embodiments of this invention 
have been described in detail above, those skilled in the art will readily appreciate 
that many modifications are possible in the exemplary embodiment(s) without 
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materially departing from the novel teachings and advantages of this invention. 
Accordingly, all such modifications are intended to be included within the spirit 
and scope of this invention as defined in the following claims. In the claims, 
means-plus-fiinction clauses are intended to cover the structures described or 
suggested herein as performing the recited function and not only structural 
equivalents but also equivalent structures. Thus, for example, although a nail, a 
screw, and a bolt may not be structural equivalents in that a nail relies entirely on 
friction between a wooden part and a cylindrical surface, a screw's helical surface 
positively engages the wooden part, and a bolt's head and nut compress opposite 
sides of the wooden part together, in the environment of fastening wooden parts, 
a nail, a screw, and a bolt may be readily understood by those skilled in the art as 
equivalent structures. 

Having described preferred embodiments of the invention with reference 
to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various changes and modifications 
may be effected therein by one skilled in the art without departing from the scope 
or spirit of the invention as defined in the appended claims. 
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ABSTRACT OF THE DISCLOSURE 



A chuck device includes a first worm gear mechanism linked to a second 
worm wheel mechanism which operate in tandem to receive, increase, and redirect 
an input rotational drive force. A conversion mechanism receives and further 
augments the drive force from the second worm gear mechanism and converts the 
drive force into an axial force. The conversion mechanism transfers the axial 
force symmetrically to a pair of claw members. The claw members move relative 
to each other and firmly secure a work item to the chuck device. 
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REMARKS 



The specification is amended to accord to US review and practice 
procedures. 

The clean version without markings is present above as required. The 
marked-up version of the substitute specification excluding claims and with 
markings to show changes made is provided below as required under §1.121 and 
§1.125. 

No other changes have been made. 
No new matter is added. 

The Commissioner is hereby authorized to charge payment of any fees 
associated with this communication, or credit any overpayment, to Deposit 
Account No. 13-4550. 



The Morrison Building 
145 N. Fifth Ave. 
Mt Vernon NY 10550 
Phone (914)-667-6755 
Date: September 6. 2001 

Attached: VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Respectfully submitted. 




Andrew F. Young 
Reg. No. 44,001 
Attorney for Applicant 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE SPECIFICATION: 

Kindly amend the specification as follows 

CHUCK DEVICE 

BACKGROUND OF THE INVENTION 



O 1. Field of the Invention 



The present invention relates to a chuck device. More specifically, the 

present invention relates to a chuck device with a plurality of gear mechanisms 



y, which increase a rotational drive force applied through an input member. 

w 

^ 2, Description of the Related Art 



Conventionally, in machine tools, a chuck device secures a work piece or 

tool to a work surface. Work surfaces may include a table, a work pallet or a 
10 principal axis clamp. Such chucking devices typically include a base member, 

secured to the work surface, and a claw member movablv mounted on the base 
member. 

Conventional claw members are movable to allow the work piece or tool 

to be 'chucked' or secured in the chuck device. Chuck devices tnav include one, 
15 two, or three claw members. 
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Referring now to Fig. 9, a chuck device 100, secures a work piece Wa. 

Chuck device 100 includes a base member 101. An input shaft member 103 
extends from inside base member 101 to project from a side opposite a claw 
member 1 02. Chuck device 1 00 also includes a conversion mechanism 1 04 and 
5 a hydraulic cylinder fnot shownV 

A leg 102a, of claw member 102. slidablv engages a T-shaped groove 

101a formed on base member 1 PL An outer end of input shaft 103 connects to 
, the faydrauLic cylinder (not shown). 

O Conversion mechanism 104 includes a conversion member 105 secured 

p 10 to input shaft member 103. Conversion member 105 includes a sloped 
g; engagement groove 105a thereon. Sloped engagement groove 105a has a T- 
shaped cross-section and is sloped relative to the direction of motion of claw 
« member 1 02. An engagement section 1 02b on claw member 1 02 slidablv engages 
sloped engagement groove 105a. 
15 During operation, the hydraulic cylinder (not shown) drives input shaft 



member 1 03 and conversion member 1 05 in an axial direction. The resulting 
axial drive force is redirected by conversion mechanism 1 04. After redirection, 
the axial drive force is transferred to claw member 1 02. causing claw member 1 02 
to move in the direction of an arrow a. 

20 Referring now to Fig. 1 0, a chuck device 110 implemented by the present 

applicants includes a base member 11 1 , a claw member 112, and an input member 
113. Chuck device 1 10 also includes a conversion mechanism 114. 

A leg 112a, on claw member 112. slidablv engages a T-shaped groove 

111a formed on base member 111. Input member 113. formed as a bolt, is 

25 screwed into base member 111. During operation, a rotational drive force is 
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manxiallv applied to input member 113. using a haadle or other manual rotation 
tool 1 19. to tighten or loosen chuck device 110. 

Conversion mechanism 114 includes a conversion member 115 which 

receives and engages a head of a shaft of input member 113. A sloped surface 
5 1 15a on conversion member 1 15 is sloped relative to a direction of movement of 

claw member 112. A sloped surface 112b on claw member 1 12 is in planar 

contact with sloped surface 1 15a. 

A compression spring 116 elasticallv biases claw member 112 toward 

S in put member 113. 

g4 10 During operation, when input member 113 is rotated in a tightening 

K direction, conversion member 11 5 is driven downward into base member 1 1 1 to 
^ 

force claw member 1 12 in the direction of an arrow b. thus securing a work piece 
% Wb. When input member 1 1 3 is rotated in a loosening direction, the biasing force 

of compression spring 116 urges claw member 112 to move in the releasing 
j^; 15 direction of an arrow c to release w^ork piece Wb. 



In conventional chuck devices, drive force applied through an input 

member is marginally increased Tmultiplied) to drive claw members. 
Unfortunately, any increase in drive force applied through the input member is 
limited by the sloped engagement grooves and sloped surfaces used in a 

20 conversion mechanism. This is a physical £ind design limitation which makes it 

difficult to provide a high force (since there is a lack of a multiplication rate) to 
increzLse the ratio to grip a work piece. As a result, in manually driven chuck 
devices, it is difficult to chuck a work piece or tool firmly. Failure to firmly 
chuck a work piece or tool may lead to reduced machining precision and damag e 

25 to cutting tools. Manual operation may result in reduced ease of use and lower 

production efficiency. Repetitive manual chucking may lead to physically 
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fatigued operators thus increasing safety risks and extending chucking time. In 
sum, manual chucking operations reduce productivity. 

Unfortunately, where an automatic chuck devices drives the input member. 

the actuator makes the chuck device larger. The increase in size, increases 
5 production costs, production risks, and reduces productivity. 

Increasing the slopes of the sloped engagement groove can improve the 

rate at which the drive force is increased. Uiifortimately. the ratio of the 
displacement of a claw member to a displacement of the conversion member is 

2 very small. This ratio limits the size of the work piece or tool that can be 

B 10 chucked, thus further reducing operational versatility. 

^; OBJECTS AND SUMMARY OF THE INVENTION 

s 

An object of the present invention is to provide a chuck device that 

improves and increases a rate of applied drive force. 

Another object of the present invention is to provide a chuck device tliat 

15 improves usability and increases the efficiency and force of chucking operations. 

Another object of the present invention is to provide a chuck device that 

is compact. 

Another object of the present invention is to provide a highly versatile 

chuck device, easily adaptable to multiple production enviroimients. 

20 It is another object of the present invention to provide a chuck device that 

is readily adaptable to one or two claw embodiments, stationary or mobile 
embodiments, and flat, tilted, or multi-axial p ositions. 

The present invention relates to a chuck device including a first worm 

gear mechanism linked to a second worm wheel mechanism which operate in 
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tandem to receive, increase, and redirect an input rotational drive force. A 
conversion mechanism receives and further augments the drive force from the 
second worm gear mechetnism and converts the drive force into an axial force. 
The conversion mechanism transfers the axial force symmetrically to a pair of 
claw members. The claw members move relative to each other and firmly secure 
a work item to the chuck device. 

According to an embodiment of the present invention, there is provided 

a chuck device comprising: a first base member, a second base member on the 
first base member, first means for receiving and increasing a rotational force, the 
first means for receiving and increasing in the first base member, second means 
for receiving the rotational force fi-om the first means and for further increasing 
the rotational force into an increased rotational force, the second means for 
receiving in the first base member, the second means for receiving effective to 
redirect the increased rotational force perpendicular to the first means for 
receiving and increasing, means for converting the increased rotational force from 
the second means into an increased axial force perpendicular to the first and the 
second means, and the means for converting operable between the first and the 
second base member, whereby the rotational force is transferred through the first 
base member to the second base member and converted into an increased axial 
force operable relative to the second base member. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: means for chucking an external item 
in the second base member, and the means for chucking receiving the increased 
axial force and securely chucking the extemal item to tlie second base member, 
whereby the external item is easily secured with a holding force magnified from 
the rotational force. 



1^. 
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According to another embodiment of the present invention there is 

provided a chuck device, further comprising: at least a first conversion member 
in the means for converting, the second means for receiving effective to drive the 
iirst conversion member away from the first means for receiving and increasing, 
at least a first sloped engagement groove on the first conversion member, at least 
a first claw member in the means for chucking, at least a first engagement section 
on the first claw member, the first sloped engagement groove sloped relative to 
a first direction of motion of the first claw member relative to the second base 
member, the means for chucking effective to operate the at least first claw 
member axiallv along an axial direction of the second base member, and the first 
sloped engagement groove engaging the first engagement section effective to 
retain the first engagement section and to drive the first engagement section in the 
first direction of motion and fix the external item to the second base member, 
whereby the external item is secured to the chuck device. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: at least a first worm gear in the first 
means for receiving and increasing, at least a second worm wheel in the second 
means for receiving and for further increasing, the rotational force operable about 
a first diameter, the first worm gear having a first rotational axis and a second 
diameter, the second diameter greater than the first diameter, the second worm 
wheel having a second rotation axis, the first rotational axis perpendicular to the 
second rotational axis, and the first worm gear threadably engaging the second 
worm wheel and effective to magnifying the rotational force. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: a first operational axis on the means 
for converting, the first operation axis parallel the second rotational axis> the first 
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operational axis perpendicular the an axial direction of motion of the first claw 
member, the first operational axis perpendicular to the first rotational axis, the 
first sloped engagement sxoove sloped relative to first operation axis> and the 
means for converting effective to receive the increased rotational force and 
operate along the second rotational axis, whereby the first claw member operates 
simultaneously in the first direction of motion relative to the second base member 
and the along the furst sloped engagement groove relativ e to the first conversiQ^ 
member, 

According to another embodiment of the present invention there is 

Q 10 provided a chuck device, fiirther comprising: at least a first engagement groove 

in the second base member, at least a first leg on first claw member, the first leg 
in the First engagement groove, and the First engagement groove effective to 
SH engage the First leg and operate the first claw member axiallv along the first 

Lfi. direction of motion. 

p 15 According to another embodiment of the present invention there is 

© provided a chuck device, wherein: the first sloped engagement groove has a slope 

on or about 70 degrees relative to a direction of motion of the first claw member. 

According to another embodiment of the present invention there is 

provided a chuck device, wherein: the first base member includes at least a first 
20 hole and a second hole, the first worm gear in the first hole, the second worm 

wheel in the second hole, at least a first cover, the first cover on at least a first face 
of the first base member, the at least first cover effective to operablv retain the 
first worm gear in the first hole and allow external input of the rotational force, 
at least a second cover, the second cover on a second face of the first base member 
25 o pposite, the first face perpendicular to the second face, and the at least second 
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cover effective to operablv retain the second worm wheel in the second hole and 
allow operation of the conversion member relative to the worm wheel. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: at least a first grease access in the 
at least first claw member, the first grease access parallel the first direction of 
motion, and the first grease access operable along a first face of the first sloped 
engagement groove, whereby an external lubricant is easily applied bet^\^een the 
conversion member and the first engagement section effective to allow smooth 
operation of the chuck device. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: a second sloped engagement groove 
on the first conversion member, a second claw member in the means for chucking. 
at least a second eng a gement section on the second claw member, the second 
sloped engagement groove sloped relative to a second direction of motion of the 
second claw member relative to the second base member, the means for chucking 
effective to operate the second claw member axially along the axial direction of 
the second base member, and the second sloped engagement groove engaging the 
second engagement section effective to retain the second engagement section and 
drive the second engagement section along the second direction of motion and fix 
the external item to the second base member, whereby the external item is secured 
to the chuck device. 

According to another embodiment of the present invention there is 

provided a chuck device, comprising: a first base member, a second base member 
on the first base member, first means for receiving and increasing a rotational 
force, the first means for receiving and increasing in the first base member, second 
means for receiving the rotational force from the first means and for fiirther 
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increasing the rotational force into an increased rotational force, the second means 
for receiving in the first base member, the second means for receiving effective 
to redirect the increased rotational force perpendicular to the first means for 
receiving and increasing^ means for converting the increased rotational force fi-om 
the second means into an increased axial force perpendicular the first and the 
second means, the means for converting operable between the first and the second 
base member, whereby the rotational force is transferred through the first base 
member and into the second base member and converted into an increased axial 
force operable relative to the second base member, means for chucking an external 
item in the second base member, the means for chucking receiving the increased 
axial force and securelv chucking the external item to the second base member, 
whereby the extemal item is easily secured with a holding force magnified firom 
the rotational force, at least a first conversion member in the means for 
converting, the second means for receiving effective to drive the first conversion 
member away from the first means for receiving and increasing, at least a first 
sloped engagement groove on the first conversion member, at least a first claw 
member in the means for chucking, at least a first engagement section on the first 
claw member, the first sloped engagement groove sloped relative to a first 
direction of motion of the first claw member relative to the second base member, 
the means for chucking effective to operate the at least first claw member axiallv 
along an axial direction of the second base member, and the first sloped 
engagement groove engaging the first engagement section effective to retain the 
first engagement section and to drive the first engagement section in the first 
direction of motion and fix the extemal item to the second base member, whereby 
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According to another embodiment of the present invention there is 

provided a chuck device, comprising: first means for receiving and increasing a 
rotation al force> second means for receiving and increasing the rotational force 
fi-om the first means and outputting an increased rotational force, the second 
means for receiving redirecting and rotational force fi-om a first base member to 
a secon d base member, means for receiving and converting the increased 
rotational force from the second means into an increased axial force, means for 
chucking an external item to the second base member, and the means for chucking 
receiving the increased axial force and securing the external item to the second 
base member and the chuck device, 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: at least a first conversion member 
in the m eans for receiving and converting, at least a first sloped engagement 
groove on the fnst conversion member, at least a first claw member in the means 
for chucking, at leas t a first engagement section on the first claw member, the first 
sloped e ngagement groove sloped relative to a direction of motion of the first claw 
member , the means for chucking effective to operate the at least first claw 
member axiallv along an axial direction of the second base member, and the first 
sloped engagement groove engaging the first engagement section effective to 
drive the first engagement section in the direction of motion and fix the work item 
in the second base member, whereby the work item is secured in the chuck device. 

According to another embodiment of the present invention there is 

provided a chuck device, fiirther comprising: at least a first worm gear in the first 
means for receiving and increasing, at least a second worm wheel in the second 
means for receiving and increasing, the first worm gear having a first rotational 
axis, the second worm wheel having a second rotation axis, the first rotational axis 
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perpendicular to the second rotational axis, and the first worm gear opeiablv 
threadablv engaging the second worm and magnifying the rotational force, 

According to another embodiment of the present invention there is 

provided a chuck device, including a first base member and at least a first claw 
member movablv mounted on the first base member, for chucking an external 
item by moving the first claw member, the chuck device comprising: a first input 
member for receiving and applying a rotational force, a first gear mechanism 
effective to receive and increase the rotational force, a second gear mechanism 
effective to receive the rotational force from the first gear mechanism, increase the 
rotational force, an d operate a screw shaft member along an axial direction 
perpendicular to the first input member, and a conversion mechanism effective to 
receive the rotational force, resist rotation relative to the first input member, and 
convert the rotational force into an axial force to drive the at least first claw 
member in an axial direction relative the first base member, whereby the chuck 
device securely engages the external item. 

According to another embodiment of the present invention there is 

provided a chuck device, further comprising: a worm gear in the first gear 
mechanism, a worm wheel in the second gear mechanism, the worm gear rotating 
integrally with the input member, the worm gear threadablv engaging and the 
worm wheel, the second gear mechanism including a threaded hole concentric 
with a center of the worm wheel, and a screw shaft member threadablv engaging 
the threaded hole, 

According to another embodiment of the present invention there is 

provided a chuck device, wherein: the conversion mechanism includes a 
conversion member, the conversion member secured to the screw shaft member 
and at least a first sloped engagement groove on the conversion member, the first 
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sloped engagement groove sloped relative to a direction of motion of the first claw 
memben at least a first engagement section on the first claw member, and the first 
engagement section slidably engaging the first sloped engagement groove and 
preventing the conversion member firom rotating relative to the worm wheeh 

5 According to another embodiment of the present invention there is 

provided a chuck device, further comprising: at least the first and a second claw 
member, the first and the second claw members disposed facing each other on the 
base member, a first leg on the first claw member, a second leg on the second 
O claw member, the first and the second legs slidably engaging a shared engagement 

1 0 groove on the base member effective to axial ly ali gn the first and the second claw 

fSi members, at least a second sloped engagement groove on the conversion member, 

J the second sloped engagement groove sloped relative to a direction of motion of 

s the second claw member, at least a second engagement section on the second claw 

member, the second engagement section slidablv engaging the second sloped 
15 engagement groove and preventing the conversion member from rotating relative 

O to the worm wheel, and the conversion mechanism effective to slidably engage 

and move the first and the second claw member symmetrically along the shared 
engagement groove. 

The present invention provides a chuck device for chucking a workpiece 
20 or a tool bv moving single or multiple claw members. The chuck device includes 

a base member and at least one claw member movably mounted on the base 
member. The chuck device also includes an input member for applying a 
rotational drive force, a gear mechanism using a rotational drive force applied 
through the input member to drive a screw shaft member in an axial direction, and 
25 a conversion mechanism redirecting an axial drive force transferred through the 

screw shaft member and driving a claw member. 
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The above, and other objects, features and advantages of the present 

mvention will become apparent from the following description read in 
conjunction with the accompanying drawings, in which like reference numerals 
designate the same elements. 
5 

BRIEF DESCRIPTION OF THE DRAWINGS o 

Fig. 1 is a perspective drawing of a chuck according to an embodiment of 

the present invention. 

Fig. 2 is a plan drawing of the chuck device of Fig. 1 . 

10 Fig. 3 is a front-view drawing of the chuck device of Fig. 1. 

Fig. 4 is a vertical cross-section drawing of the chuck device in a chucked 

state. 

Fig. 5 is a vertical cross-section drawing of the chuck device in an 

unchucked state. 

15 Fig. 6 is a cross-section drawing taken along the VI-VI line in Fig. 4. 

Fig. 7 is a vertical cross-section drawing of a conversion member. 

Fig. 8 is a plan drawing of a conversion member. 

Fig. 9 is a vertical cross-section of a conventional chuck device. 

Fig. 1 0 is a vertical cross-section drawing of another conventional chuck 

20 device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now to Figs. 1 and 2, a two-claw-tvpe chuck device 1 includes 

a base member 2 and a pair of claw members 3 . Chuck device 1 also includes 
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front and rear input s haft members 4 and a worm gear mechanism 5 (shown latere 
in base member 2. A second gear mechanism 6 (shown laterV and a conversion 
mechanism 7 exten d from base member 2 into an upper block 1 Q. Claw members 
3 fix a w orkpiece W in chuck device 1 . as will be described. 
During operation, in put shaft member 4 receives an input rotational force- 
not shown. Input shaft member 4 rotates to transmit an input rotational force to 
worm gear mechanis m 5. second gear mechanism 6. and conversion mechanism 
7. The input rotati onal force is magnified and transferred to claw members 3. 
During operation, a left claw member 3b and a right claw member 3c move 
symmetrically to axiallv inward to fix workpiece W in chuck device L as will he 
explained. 

The illustrated base member 2 is a wide rectangular shape when seen from 

above. However, base memb er 2 may be of any shape sufficient to embody the 
present invention and support workpiece W. 

Base member 2 includes integrally formed upper block 10 and a lower 

block 20, Lower bloc k 20 is wider than upper block 1 0 for stability, but may have 
other shapes sufficient to stabilize workpiece W. 

Claw members 3 arc movablv mounted on an upper surface (upper surface 

section) of upper blo ck 10. Four bolt holes 2a are located in the corner areas of 
lower block 20. Four bolts (not shown) are insertable into bolt holes 2a to secure 
base member 2 to t he table (not shown) of a machine tool (not shown) to support 
lower block 20. 

An engagement groove 1 1 along a left-right axis of upper block 10 has an 

approximately T-shape cross-section. 

A pair of legs 30 (only one of which is shown), on respective claw 

members 3, are slidably engaged in shared engagement groove 1 1 . Upper block 
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1 0 includes a lowered section 1 2 to form a shelf 1 2a at a central section along the 
left-right axis. A hole 13 in upper block 10 extends downward from lowered 
section 12 to lower block 20 to communicate with engagement ^ oove 1 1 . 

Claw members 3 are symmetrically positioned in upper block 1 Q. Each 

claw member 3 m cludes a leg 30 with a main claw unit 3 1 extending above leg 
30, terminating in an engagement section 52. Engagement sections 52 are located 
on the end of each leg 30. near lowered section 12. 

Conversion me c hanism 7 includes a conversion member 50. a sloped 

engagement grooves 5 1 . and engagement sections 52. 

O 10 Main claw unit 31 includes a pair of front and rear claw sections 31a 

m extending upward fro m the upper end of leg 30. A groove 31b is formed inside 

main claw unit 3 and i s surrounded by claw sections 3 1 a and the upper end of leg 
? 3CL 

! « 

Front and rear claw sections 31a extend parallel to each other along the 

P 15 left-right axis of chu ck device L The upper ends of front and rear claw sections 

31a of the left and right claw members 3 face each other. The facing ends of left 
and right claw se ctions 31a chuck (hold) workpiece W on lowered section 12 
thereby supporting workpiece W from both ends. 

A horizon tal hole 21 on a first side of lower block 20 extends thorough 

20 from the first side to the second side of lower block 20. A pair of covers 24 are 

fitted into a front and a rear side of horizontal hole 21 (rear side cover 24 not 
shown). During op eration, covers 24 prevent input shaft member 4 from slipp ing 
out of lower block 20. 

An angular hole 4a at an outer end of input shaft member 4 receives an end 

25 of a rotation took su ch as a hexagonal wrench. Rotation of the rotation took 
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rotates input shaft member 4 to apply rotational drive force to tighten or loosen 
chuck device 1. 

Referring now to Figs. 3 to 5, a vertical hole 22 extends upward from a 

bottom of lower bl ock 20 to a center portion of lower block 20. A right end of 
5 vertical hole 22 comm unicates with horizontal hole 2L as will be described. A 

vertical hole 23 extends upward from vertical hole 22 into upper block 10. 
Vertical hole 23 co mmunicates with hole 1 3 . A cover 25 is fitted into the bottom 
of vertical hole 22. as vsdll be described. 

§ Pixring operation, in put shaft members 4 receive input rotational drive 

10 force for application to chuck device 1. Front and rear input shaft members 4 in 

horizontal hole 21 of base member 2 is fitted into lower block 20 where thev are 
rotaUiblv supported bv respective covers 24. 

Worm gea r mechanism 5 in horizontal hole 21 includes a worm gear 40. 

During assembly, inn er ends of input shaft members 4 are inserted into worm gear 
yj 1^ 40. A key member 2 6, links mput shaft members 4 to worm gear 40 to p revent 

S. their relative rotation. 

Each leg 30 of each claw member 3 include a grease hole 3a. During 

operation and mai ntenance, lubricant fed into grease holes 3a and between slop ed 
engagement grooves 51 and engagement sections 52 lubricates chuck device 1 . 

20 Worm gear mechanism 5. mounted inside base member 2. includes a 

worm gear 40. whi ch rotates integrally with input shaft members 4 in mesh with 
a worm wheel 41 . 

Worm wheel 41 is disposed within vertical hole 22 of base member 2. 

Cover 25 and bas e member 2 rotatablv support worm wheel 41 to prevent worm 
2^ wheel 41 from movin g along its axis. Worm wheel 41 is rotatablv fitted and 

screwed to a screw shaft member 46 of second gear mechanism 6. 
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Second g ear mechanism 6 is mounted in base member 2. Second ^ear 

mechanism 6 driv es screw shaft member 46 axiallv using the rotational drive 
force transferred from worm gear mechanism 5. 

Second ge ar mechanism 6 includes a threaded hole 45 formed concentric 

wit a center of worm wheel 4L During assembly, screw shall member 46 is 
screwed into thre aded hole 45. A bolt 47 is inserted in the center of screw shaft 
member 46 with the threaded section of bolt 47 projecting upward beyond screw 
shaft member 46 to l ink into conyersion member 50 of conversion mechanism 7 
so that screw sha ft member 46 and conversion member 50 are fixed together. 

I 10 A collar member 48 is secured between screw shaft member 46 and a head 

ffi of boh 47. Collar me mber 48 has a diameter that is slightly smaller than that of 

a hole 25a of cover 25. 

- During operation, when screw shaft member 46 is in a lowered state, collar 

member 48 fits into h ole 25a to place the axial center of the screw shaft member 
yi 15 46 and the rotational center of the worm wheel 41 in fixed positions. 

p Conversio n mechanism 7 changes the direction of the axial drive force 

transferred bv screw shaft member 46. thereby transferring this force 
symmetrically to left right force on claw members 3. 

Referring now to Fi gs. 6 to 8. worm gear mechanism 5 increases drive 

20 torque by slowing down the rotational drive force input fi-om mput shaft member 

4^ 

Conversion member 50 is secured to screw shaft member 46 by bolt 47. 

Conversion member 50 is disposed within holes 13 and vertical hole 23 in base 
member 2 . Con version member 5 0 includes T-shaped sloped engagement grooves 
25 51 each s loped in the direction of movement of its respective claw member 3. 
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Claw members 3 each include engagement sections 52 which slidablv 

engage sloped engagement grooves 5 1 . Each engagement section 52 engages its 
respective sloped engagement groove 51, thereby preventing conversion member 
SO from rotating relative to base member 2. Since each engagement section 52 
5 engages with each sloped engagement groove 5 1 on conversion member 50. claw 

members 3 operate simultaneously to capture or release workpiece W. 

In one particular embodiment of the present invention, sloped engagement 

^ grooves 51 are sloped at approximatelv 70 degrees relative to the direction of 

© motion of claw members 3 (the horizontal direction). During operation^ as 

o 

^1 10 engageme nt grooves 50 move lower relative to a top surface of upper block 10. 

they move further from the axial center of conversion member 50. 
# As the conversion member 50 and screw shaft member 46 move lower 

relative to the top surface of upper block 1 0. claw members 3 move closer to each 
'■'^ other. Conversely, as conversion member 50 and screw shaft member 46 move 

15 higher, the claw members 3 move ftirther apa rt. 

The opera tions and advantages of the two-claw chuck device 1 will be 

described. 

During operation, when chucking workpiece W into chuck device 1. 

conversion me mber 50 is first moved upward to provide adequate space between 
20 claw members 3. Workpiece W is then set onto lowered section 12. When 

conversion mem ber 50 is moved to an uppermost position, claw members 3 are 

separated bv a maximum distance. However, when setting workpiece W, claw 

members 3 mav not need to be separated bv the maximum distance and are 

adjustable according to operational needs. 
25 After insertion, the end of the rotation tool Thexagonal wrench) engages 

angular hole 4a of input shaft member 4 to manually rotate input shaft member 4 
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thereby to move claw members 3 toward each other. In worm gear mechanism 
5, worm gear 40 rotates integraUv with input shaft member 4, and worm wheel 4 1 . 
meshed with worm gear 40. rotates around the vertical axis. 

In second gear mechanism 6. worm wheel 41 is restrained from vertical 

movement when worm wheel 41 is rotated, and screw shaft member 46. screwed 
into threaded hole 45 of worm wheel 41 is driven downward. Conversion 
member 50. secured to screw shaft member 46 is correspondinplv lowered. 

In conversion mechanism 7, when conversion member 50 move s 
downwar d, sloped engagement grooves 51. and engagement sections 52 cause 
claw members 3 to move toward workpiece W, 

Upon tightening, the upper ends of claw sections 3 la of claw members 3 

firmly chuck workpiece W. thereby securing workpiece W for machining^ 
Machining is then performed on workpiece W in a chucked state. 

When removing workpiece W. the rotation tool rotates input shaft member 

4 in an opposite direction to separate claw- members 3 . The rotation causes screw 
shaft member 46 to move upward, thus causing conversion member 50. secured 
to screw shaft member 46. to move upward as well, thereby driving claw members 
3 apart (through conversion mechanism 7) to releases workpiece W. 

According to the present invention, worm gear mechanism 5 allows the 

rotational drive force input through input shaft member 4 to be significantly 
mechanically multiplied. Furthermore, second gear mechanism 6 further 
increases the rotational drive force transferred from worm gear mechanism 5 
before transferring the force to screw shaft member 46 and driving screw shaft 
member 46 in the axial direction. The axial drive force transferred by screw shaft 
member 46 is redirected and increased by conversion mechanism 7 and is 
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transferred subst antially equally to claw members 3. Claw memhers ^ mnvR 
symmetrically. 

The drive force input through input shaft member 4 can be increased in 

three stages and t hen transferred to claw members 3. As a result simplv ap plying 
5 a manual drive torque to input shaft member 4 can easily and firmly chuck 

workpiece W in to chuck device 1 > This improves the usability of chuck device 
1 to make chucking ope rations more efficient, thus minimizing machining 
H- imprecision and damage to cutting tools. 

m 

p A high rat io for increasing the drive force can be provided even without 

10 a very large ratio bet ween the displacement stroke of claw members 3 and the 

displacement strokes of conversion member 50 and screw shaft member 46. 

^ Since cla w members 3 are mounted on the upper surface of base member 

^ 2. and since worm ge ar mechanism 5 and second gear mechanism 6 are mounted 

inside base member 2. the structure for increasing the drive force is compact. The 

W 1^ entry of debris, suc h as cuttings, into gear mechanisms 5, 6 is minimized. 

1^ Smce claw members 3 face each other, and since legs 30 slidablv engage 

shared engage ment grooye 1 1 . shared engagement groove 1 1 reliably guides and 
supports claw me mbers 3 on a common axis. As a result, workpiece W is reliably 
chucked and supported from either side by claw members 3. 

20 Multiple additional embodiments of chuck device 1 are described below 

each containing the essence of the invention. 

In a anot her embodiment, worm gear mechanism 5 may be omitted and a 

rotation member may be provided to substitute for worm wheel 4h This allows 
screw shaft member 46 to screw into a threaded hole formed in the rotation 
25 member. Alterna tive input members to receive rotational drive force may be 

provided to rot ate the rotation member and drive screw shaft member 46 axiallv. 
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In another embodiment a single claw member may replace claw members 

3. In this embodiment workpiece W is chucked by suppoiting it between the 
claw me mber and a receiving section of base member 2. Alternatively, three claw 
members can be p rovided. Workpiece W can be chucked using these three claw 
member s. Changes in the number of claw members can be easily handled simplv 
by chang ing the number and positions of the sloped engagement grooves formed 
on conversion member 50 in conversion mechanism 7. 

In a third embodiment, input shaft member 4 may be rotated by an actuator 

such as a motor to apply rotational drive force to input shaft member 4. Since 
rotation o f input shaft member 4 does not require a high drive force, the actuator 
can be compact, t hus allowing chuck device 1 to be compact a nd miniTniVft 
production costs. 

In a fourth embodiment, an upper plate, used to chuck workpiece W by 
supportin g it in cooperation with one of claw members 3. can be secured to 
lowered section 12 using bolts screwed into lowered section 12, Here, the other 
claw me mber 3 is not used. In this embodiment, mounting the upper plate 
adapted to work pieces having unusual shapes, makes it possible to chuck or 
secure work pieces smaller than work piece W, Furthermore, after the upper plate 
is mounted, the upper plate may adapt to a particular shape corresponding to the 
shape of an oddly shaped work piece. This embodiment provides rehable 
chucking for different or oddly shaped work pieces W. 

The present invention may be used in chuck devices that secure the work 

piece to a rotating body of a machine tool or that secure tools to a principal 
operational axis. 

Witli chuck device 1, according to the present invention, a light manual 

drive forc e, applied to drive claw members 3, is multiplied to forcefully and 



PATENT 48 M1990-17.PA3 

W \USnRS\jmdrcwVwpdatoVMl990-J7 PA3 

firmly chuck workpiece thus increasing operation efficiency. As described 
above. *chucking* is meant to indicate securely retaining a work piece or tool in 
chuck device 1 . During operation of chuck device 1 , either a work piece or a tool 
should be understood as a work item. The phrase 'work item' represents an item 
which must be held securely and steadily in chuck device 1 and may be either a 
work piece or a tool used on a work piece. 

Chuck device 1 may include from one-claw to multi-claw embodiments 

adapted from the principal of the present invention. For example, in a one-claw 
embodiment, one of the claws is replaced witli a fixed member^ In a three-claw 
embodiment, the claws operate radially from a common center to fix a workpiece. 

It should be xmderstood, that chuck device 1 operates as a way to chuck or 

retain items, such as work piece W or a tooL during a processing operation, 

During operation, when rotational drive force is applied through the input 

member, the rotational drive force drives the screw shaft member in the axial 
direction via a gear mechanism. The axial drive force transferred to the screw 
shaft member is redirected bv a conversion mechanism for transfer to the claw 
member, thereby moving the claw member. The gear mechanism allows the 
rotational drive force applied through the input member to be significantly 
increased as it is transferred to the screw shaft member. 

Since the drive force applied to the input member is multiplied 

significantly as it is transferred to the claw member, a work piece or tool can be 
firmly chucked by the claw member by applying a relatively small drive force to 
the input member. This ability to multiply input force improves the efficiency of 
chucking operations. 
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During op eration, if an actuator is used to drive the input member, a 

relatively small actuator can be used, thus allowing the chuck device to be 
compact and reducing production costs. 

A high d rive rate increase ratio can be provided without excessively 

increasing the ratio of the displacement stroke of the screw shaft member or the 
like to the displacement stroke of the claw member. 

In the chuck device described, the gear mechanism mav include a worm 

gear mechanism for slowing down t he rotational drive force applied through the 
input member and a second gear mechanism that uses the rotational drive force 
transferred from the worm gear mechanism to drive the screw shaft member in an 
axial direction. The worm gear mechanism signiJBcantlv increases the rotational 
drive force applied to the input member and provided a great benefit. The 
rotational drive forc e increased by the worm gear mechanism is further increased 
by the se cond gear mechanism, which transfers the drive force to the screw shaft 
member, driving it m the axial direction. Operating together, an initial rotational 
force is greatly increa sed to permit the chuck mechanism to be easily, simplv, and 
accurately adjusted. 

During o peration, when screw shaft member 46 is driven in the axial 

direction, conversion mechanism 7 drives conversion member 50 integrally with 
screw shaft memb er 46. changing the engagement position of engagement 
sections 52 in sloped engagement grooves 51. As a result the drive force in the 
axial direction fi-om screw shaft member 46 is finther multiplied when transferred 
to claw member 3. 

Although chuck device 1 is shown with a pair of claw members 3. a single 

claw member can be used on chuck device 1 to retain work piece W between the 
single claw member and a fixed member or an external fixed or movable member. 
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The input member of the chuck device can be driven manually but i s easily 

adapted fo r driving bv a small electrical or hydraulic actuator. 

Although only a singl e or fevy exemplary embodiments of this invention 

have been described i n detail above, those skilled in the art will readily appreciate 
5 that many modificat ions are possible in the exemplary embodimentrs^ without 

materially departi ng from the novel teacMngs and advantages of this invention. 
Accordingly, all such modifications are intended to be included within the spirit 
and scope of this invention as defined in the follovring claims. In the claims. 
P; . means-plus-fiinction clauses are intended to cover the structures described or 

& 10 suggested herein as performing the recited function and not only structural 

equivalents but also equivalent structures. Thus> for example^ although a nail, a 
screw, and a boh may not be structural equivalents in that a nail relies enfirelv on 
friction between a wooden part and a cylindrical surface, a screw^s helical surface 
positively engages the wooden part, and a bolt's head and nut compress opposite 
15 sides of the wooden part together, in the environment of fastening wooden parts. 

p a naiL a screw, and a bolt mav be readily understood by those skilled in the art as 

equivalent structures. 

Having described pr eferred embodiments of tlie invention with reference 

to the accompa nying drawings, it is to be understood that the invention is not 
20 limited to those precise embodiments, and that various changes and modifications 
mav be effected therein bv one skilled in the art without departing from the scope 
or spirit of the invention as defined in the appended claims. 
ABSTRACT OF THE DISCLOSURE 
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A chuck device includes a first worm gear mechanism linked to a second 

worm wheel mechanism which operate in tandem to receive, increase, and redirect 
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an input rotational drive force. A conversion mechanism receives and further 
augments the drive force from the second worm gear mechanism and converts the 
drive force into an axial force. The conversion mechanism transfers the axial 
force svmmetricallv to a pair of claw members. The claw members move relative 
to each other and firmlv secure a work item to the chuck device. 



• Specification 



Chuck device 

s 

W Technical field 



# The present inve nti on relates to a chuck device. More specifically, the 

i^, 10 present invention relates to a chuck dev i ce equipp e d with a gear mechanism tliat 

increases rotational drive force applied thro ug h an input membe r . 



Background tcclmology 

Co nventionally , in machine too l s such as milling machines, laUics, an d 

m achining centers, a^huck device is us e d to secure a workp iccc to a table , work 

15 pallet, or the like, or to mount a tool to tlie ]^ meiple- axis, or the like . A chucking 

de v ice essentially includes a base member secured to a ta b le, a work p ^letj-a 
primar>' axis, or the like, and a claw member movabl y moimtcd on this base 
m ember. Th i s claw member is moved so that the workpiccc or tool is chucked. 
Conventionally, onc-claw c huck dev i e es- with a sin gl e claw m e mber, two-claw 

20 chuck devices with two claw members, and three-claw chuck devices with three 

claw members hav e be e n used praetically T 
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RcfcrriDg to Fig. 9, for example, a chuck device 100, used to secure a 

workpiccc Wa, includes a base member 101 » a claw member 102, an input shaft 
member 103 , a conversion mechanism 104, and a hydraulic cylinder (not shown 
in the figure). A leg 102a of the claw member 102 siidably engages with a T- 
5 shaped groove 101a formed on the base member 101. The input shaft mcmbci 103 

extends from inside the base member 101 and projects from the side opposite 
from the claw member 102. The outer end is connected to the hydiaulic cylinder : 

u. The conversion mochanism 104 includes: a conv e rsion member 1 0 5 

g secured to the input shaft member 1 03 ; a sloped engagement groove 1 05a fomicd 

5 10 on the conversion member 1 05 with a T-shapcd cross-section shape and sloped 

^ relative to the direction of motion of the claw mcmibcr 102; and an engagement 

if% section 1 02b dispos e d on the d aw member 102 to siidably engage with the slop e d 

J , engagement groove 1 05a. The hydraulic c y linder drives tlic input shaft member 

103 and tlie conversion member 105 in the axial direction, and this axial dri ve 

pi: 

hj 15 force is redirect e d by the conversion mechanism 104 and t ra nsferred to the claw 

2 member 1 02, causing the claw member 1 02 to move in the direction of die arrow 

ft: 

Referring to Fig. 10 , a chucl ^ device 110 implemented by the present 

applicants includes a base member 11 1 , a claw member 1 12, an input member 
20 113, and a conversion mechanism 114. A leg 112a of the c l a w member 112 

siidably engages with a T>-shaped groove 1 1 la formed on tlic base member 111. 
The input member 113, formed as a bolt, is screwed into the base mcmb erHHBr 
and a rotational drive force is applied manually to the i nput member 1 13 using a 
rotation tool 119. 

25 The conversion mechanism 1 14 includes: a conversion member 115 into 

which the shaft of the input member 1 13 is inserted and which engages with the 
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head of the input member 1 13; a sloped surface 11 5a formed on the conversion 
member 115 and sloped relative to the direction of movement of t he claw member 
112; a sloped surface 112b formed on the claw member 112 to To r m a pla n ar 
contact with the slo ped-stt rfacc 1 15a; and a compression spring 116 clastically 
biasing the claw member 1 12 toward the input member 1 13. If the input member 
1 1 3 is rotated in the tightening direction, the conversion member 1 1 5 is driven 
downward, and the claw member 1 12 is moved in the directi o n of the arr Qw-b-tf4a 
the conversion mechanism 114, thus securing the workpiccc W. If the input 
member 113 is rotated in the loosening direction, the biasing force of the 
^ 10 compression spring 116 causes the claw member 112 to move in the direction of 

ffi the arrow c. 



In conventional chuck devices, the driv e forc e £q>p lic d through tlic mput 

member can b e i n c r e ased (multiplied) by a conversi o n mec h an i sm to drive a claw 
member. However, the increase in drive force applied through the inpu t member 

L|]i 15 i s limited if only sloped engagement grooves and sloped surfaces arc used in the 

ft 

conversion- ^i e ehanism for increasing drive force. This makes it difficult to 
provide a high force incr e a s e r a tio (multiplication rate). 

As a result^ with chuck d evic e s in which an input m e mber is manually 

driven, the workpiccc or tool camiot be firmly chucked. This can lea d to r e du ced 

20 machining precision and damage to cutting tools. Thus , firmly driving the input 

member manually results in reduced ease of use and lowers the e fficiency of the 
chucking operation. Also, - r epeating this -e hucking operation will lead to fatigued 
arms and h a nd s. With chuck d ev ices that dr ive the inputme mbcr using an actuator 
such as a hydraulic cylinder, the actuator makes the chuck device larger and 

25 increases production costs. 
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However, incrcasmg the slopes of the sloped engagement groove and the 

s loped surface of the conversion member in the eonversion mcehanism can 
improve the rate at which the drive force is increased. However, the ratio of the 
displacement of die claw member to tlic displacement of the eonversion member 
5 becomes very small. This limit s the size of the workplccc, tool, or the like that can 

be chucked, thus reducing its versatility. 

The object of the present invention is to provide a chuck device A a^c^ 

improve the increase rate of the applied drive force. Another object of the pr e sent 
invention is to provide a chuck device tliat improves usability and increas e s tlie 
O *0 efficiency of chucking operations. Yet another object of the present invention is 

g]i to provide a chuck device that can b e d e s i gned compactly. Yet another objec t of 

the present invention is to provide a highly - versatile ct 



10 



Disclosure of the invention 

The present invention provides a chuck device for chucking a workpicec 

15 o r a tool by m o v in g a claw member. The chuck device includes a base membe r 

and a t le a st one claw mcmb ci movably mounted on the bas e member. Tlic chuck 
device also includes: an input memb e r f or applying ^rota tional drive force; a gcai- 
mechanism using a rotational drive force applied tlirough the input m e mb er to 
drive a screw s haft member in an axial direction; and a conversion mechanism 
20 r c dkecti n g a n axia l d rive force transferred through tlic screw shaft member and 

driving a claw memb er 

When rotational drive force is appl tcd-tiiroughr^ the input member, the 

rotational drive force drives the screw shaft member in the axial direction via a 
gear mechanism. The axial drive force transferred to the screw shaft memb e r is 
25 redirected b y a conversion mechanism and transferred to the claw member , 
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moving the claw member. The gear mechanism allows the rotational drive force 
applied through the input member to be significantly increased and transferred to 
the screw shaft member. 

Since the drive force applied to the input member can be multiplied 

5 significantly and transferred to the claw member^ a workpicce or tool can be 

firmly chucked by the claw member by applying a relatively small drive force to 
the input member. This improves the efificiency of chucking operations. 

If an actuator is used to drive the input member, a re l atively small actuator 

^ can be used, thus allowing the chuck device to be compact and reducing 

& - 

A high driv e rate in c rease ratio can be provided without excessively 

increasing the rati o of the displacement stroke of th e scr e w shaft member or the 
W like to the displacement stroke of the claw member. 

In the chuck d e vice described above, the gear mechanism can include a 



15 worm gear mechanism for slowing down the rotational drive force applied 

tooughAe4npu t member and a second gear mechanism that us es the rotational 

o 

drive force transferred JBrom th e worm gea r mechanism to drive the screw shaft 
member in an axial direction. In this ch uele-d evice> the worm g e ar mechanism 
significantly increases the rotational driv e f orce applied to the input member. The 
20 rotational drive force increased by the worm gear m e chanism is fiuther increased 

by the s e cond gear mechanism, which transfers the drive force to the screw shaft 
member , driving it in the axial direction. 

It would be desirable for th e conversion mec hanism to in clude ! a 

conversion member secured to tlic screw sh aft m e mb er and not rota ti ng relative 
25 to the base member; a sl o ped engagement groove fomicd on the conversion 

member and s l oped relative to a direction of motion of the claw member; and an 
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engagement section disposed on the claw member and slidably engaging with the 
sloped engagement groove. When the screw shaft member is driven in the axial 
direc tion, the conversion mechanism drives the conversion member integrally 
with the screw shaft member^ changing th e engagement position of th e 
5 engagement section in the sloped engagement groove. As a r e sult^ the drive force 

in the axial direction from the screw shaft member is multiplied and transferr ed 
to the claw member. 

H= The chuck device can be formed in the following manner. A pair of claw 

p members arc disposed facing each other, legs of the claw m e mbers arc slidably 

10 engaged with a shared engagement groove fomicd on the base member, and the 



conversion mechanism is formed to move — the — pair — of — claw — members 
symmetrically. Alternatively, a single claw m emba : can be dispos e d on the chuck 
device. 



^ The input member of the chuck device can be driven manually. 

W 15 Alternatively, a small electrical or hydrauUc actuator can be used to drive the 

1^ mpi^ 



Brief description of the drawings 

Fig. 1 is a perspective drawing of an embodiment of the pres e n t inv e nt ion: 

Fig. 2 is a plan drawing of a chuck device. Fig. 3 is a front-vi e w dr a wing of a 
20 chuck device. Fig. 4 is a vertic al cro ss-section draw i ng of a chuck device (in a 

c hucked state). Fig . - 5 ts-a vertical cr o ss-scction drawing of a chuck device (in an 
unchuckcd state). Fig. 6 is a cros s-scctien^ rawing along -ti i c VI- VI line in Fi g . 4 . 
Fig. 7 is a vertical cross - s e ction drawing of a conv e r sio n member. Fig. 8 is a plan 
drawing of a conversion member. Fig. 9 is a vertical cross - section drawing of a 
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chuck device according to a conventional technology. Fig. 10 is a vertical cross- 
section drawing of a chuck device according to another conventional technology. 



Preferred embodim e nts of th e invention 

Re ferring to the figures, the following i s- a description of an embodimen t 

5 of the present invention. 

This embodiment is an example of the present invention implemented in 

^ a two-claw chuck device equipped with a pair of claw members disposed 

symmetrically. These claw members arc moved to chuck a workpicec^ securing 

& 

It to the tabic of a machine tool or the like. 

10 Referri ng t o Fi g . 1 through Fig. 6, a two-claw chuck device 1 includes a 

^'^^ base m e mber 2, l e ft and right claw members 3, in p ut shaft mem b ers 4, a w orm 

s gear mech a nism 5 > a second gear mechanism 6, and a conversion mechanism 7. - 

With this chuck device 1 , the input shaft member 4 i s rotated manually so that the 
f*; drive force is transferred to the left and right claw memb ers via the worm gear 

15 m echanism 5, the second gear mechanism 6, and the conversion mechanism 7, 

t hus moving the claws 3 symmetrically: 

Referring to Fig. 1 through Fig. 6, the bas e m embe r 2 forms a v^de 

rectangular shape when seen from above. The base m e mber 2 includes an upper 
block 10 and a lower block 20 formed hitegrally thereto. The lower block 20 is 
20 formed slightiy wider than the upper block 1 0. The claw memb e rs 3 arc movably 

nto untcd on the upper surface (upp er^urfa e c section) of tlic upper block 1 0. Four 
bolt ho le s 2a are form e d at the comer areas o f t he l ower bl oek^-Four bolts (not 
shown in the figures) inserted into these bolt hol e s 2a secure the base member 2 
to the tabic of the machine tool (not shown in the figure) or the like. 



O 

^ 10 



# 

15 

o 



20 



25 



PATENT 58 M1990-17.PA3 

W \USEIlS\andrcw\v,-pdala\Ml990-17 PA3 

An engagement groove 1 1 having a roughly T-shapcd cross-section shape 

t s formed on the upper block 10 cxtcndmg along the left-right axis. Legs 30 of the 
pair of claw members 3 are slidably engaged with this shared engagement groove 
1 1 . The upper block 1 0 is formed with a lowered section 12 via a shelf 1 2a at tlie 
central section along the left-right axis. A vertical hole 13 communicating with 
the engagement groove 11 is fonned extending downward from the low ered 
section 12, 

The p air of claw members 3 are formed symmetrically to the left and the 

rig ht. Each claw member 3 includes: the leg 30; a main claw unit 31 disposed 
above the leg 30; and an engagement section 52 disposed at tlic end of the leg 30 
toward the lowered section 12, The main claw unit 3 1 is fomicd from front and 
rear claw sections 31a extending upward from the upp e i ^-en d of the leg 30. A 
grpove 3 1 b is form e d inside the main claw unit 3 , surrounded by the cla w-seetions 
31a and the upper end of the leg 30. The front a nd rear claw s ections 3 a exten d 
pa rall el to each oth er along tlic left-right axis. The upper ends of the front and rear 
claw sections 3 a of th e left and right claw members 3 face each other and the 
facing ends of the left and right claw se ction s 31a serve to chuck a workpicce W 
disposed on the lowered section 12 by supporting it from both c ndsr 

A horizontal hole 21 on tlic right side of the lower block 20 of the base 

member 2 extends from the ft-ont to the rear. A vertical hole 22 extends from the 
bottom o f the lo w er b l ock 20 at the central ai-ea thereof The right end of the 
vertical hole 22 communicates with the horizon t al hole 21 . A vertical hole 23 is 
formed upward from the upper end of the vertical hole 2 2, and the v ert ical hol e 
23 communicates with the vertical hole 1 3 . A p air of covers 24 arc fitted into the 
fron^-and^ea r ends of t h e horizontal hole 21, and a cover 25 is fitted into the 
bottor 



PATENT 59 M1990-17.PA3 

W \USERSVandrcwVwpdataVM1990^1 7 PA3 

Referring to Tig, 1 aiid Tig. 3 through Tig. 6, tfac input shaft members 4 is 

a-tnaatb cr used to input rotational drive force. The front and rear input shaft 
members arc disposed in the horizontal hole 21 of the base member 2. Each input 
shaft member 4 is fitted in and rotatably supported by the cover 24. A worm g c ai 
5 40 of the worm gear mechanism 5 is disposed in the horizontal hole 2 1 . The imicr 

ends of the input shaft members 4 arc inserted into the worm gear 40, and die 
input shaft members 4 arc linked to the womi gear 40 via a key member 26 in a 
Li. manne r that prevents rotation relative to each other. 

% An angular hole 4a, e.g., a hexagonal hole, is formed at th e outer end of 

10 the input shaft member 4. Tlie end of a rotation tool suc h a s a hexagonal wrench 

p is engaged with the angular ho le 4 a, and the input shaft member 4 is m a nua l ly 

^ rotated via this rotation tool to input rotational drive force. The input s haft 
member 4 is prevented fi - om slipping out by the cover 24 : 
Referring to Fig. 4 through Fig. 6, the worm gear mechanism 5 is a 

y 15 mechanism for increasing drive torque by slowing down the rotational drive force 

^ input via the input shaft m ember^r 

The worm gear mechanism 5 is mounted inside the base member 2. This 

worm gear mechanism 5 includes the worm gear 40, which rotates integrally with 
the input shaft members 4, and a worm wheel 41, whi c h meshes with the worm 
20 g e ar 40 . The worm wheel 41 is disposed inside the vertical hole 22 of the bas e 

member 2, and is rotatably supported by the base member 2 and the cover 25 
while being prevented from moving a l ong its axis ^^Fhe— wo rm wheel 41 is 
rotatably fitted and screwed to a screw shaft member 46 of the second gea r 
mechanism 6. 
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Referring to Fig. 4 and Fig. 5, the second g e ar -mechanism 6 is a 

mechanism for driving the screw shaft member 46 axially using the rotationeil 
drive force transferred from the worm gear mcchanism -§7 

The second gear mechanism 6 is mounted in tlic base member 2. This 

5 second gear mechan i sm 6 includes a threaded hole 45 formed concentric to tlic 

center of the worm wheel 41 and tlic screw s haft member 46 screwed to the 
threaded hole 45. A bolt 47 is inserte d from be l ow i nto the center of tlic screw 
shaft member 46, and the threaded section of the bolt 47 proj e cting upward from 
^ the screw shaft member 46 is link e d t o a conversion member 50 of the conversion 

0^ 10 mechanism 7 so that tlie screw shaft member 46 and the conversion m e mber 50 

arc linked m a fixed mami err 

»^ A collar member 48 is secured between the scr ew shaft member 46 and the 

head of the bolt 47, Th is collar memb er 48 has a diameter that i s slightly less than 
N that of a hole 25a of tlic cover 25. When th e s crew s haft m e m b er 46 is in a 

y 15 lower e d state, the col lar membe r 48 fits into the hole 25a, and the axial center of 

the screw shaft member 46 and die rotational center of t he worm wheel 41 are 
placed infixed positions. 

Ref e rring to Fig. 1, Fig, 2, Fig. 4, an d Fig. 5, the conversion mechanism 

7 changes the direction of the axial driv e forc e transferred by the screw shaft 
20 member 46 and transfers tliis force to the pair of claw members 3, moving t h ese 

left and right claw mcmbcr s-3-i$ym mctrically. This conversion mechanism 7 
i nc l udes the conversion membe r 50> a sloped engagement groove 51, and a pair 
of engagement sect io ns 5 2. 

The conversion member 50 is secured to the screw shaft m e mb e r 46 by th e 

25 bolt 47. This conversion member 50 is disposed within the v e r tic al holes 13, 23 

of the base member 2> The conversion member 50 is formed vnth a pair of T - 
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shaped sloped engagement groove 5 1 sloped in the direction of movement of the 
claw members 3. The pair of claw members 3 arc formed with a pair of 
engagement sections 52 to slidably engage with the pair of sloped engagement 
grooves 51. Since the pair of engagement sections 52 engage with the pair of 

rotating relative to the base member 2. 

Referring to Tig. 7 and Fig. 8, the sl o ped engagement gro o ves 51 arc 

sloped at approximately 70 degrees relative to the direction of motion of the claw 
O members 3 (the horizontal direction) so th at th e lower the grooves are, the fiirtlier 

p 10 they are from the axial center of the conversion member 50. The lower the 

A 

^ conversion member 50 and tlic screw shaft member 46 go, the closer the pair of 

"^"^ claw me mber s 3 approach each odicr. Conv er sely, the higher the conversion 

3 member 50 and the screw shaft member 46 arc, th e further apar t t he^^air-of^law 

L^, members 3 move. Th e legs 3 0 of the claw members 3 are formed wi t h grease 

15 holes 3a. Grease in these grease holes 3a is fed between the sloped engagement 

grooves 5 1 and the engagem e nt sections 52. 

IRhte-opc rations and advantages of the two-claw chuck device 1 will be 

degeribed. 

Referring to Fig. 5, when chucking the workpiccc W, the conversion 

20 member 50 is first moved upward so that t h e r e is adequate space betw e en th e pair 

of claw members 3 . The workpiccc W i s then s et o nto the lowered section 1-2t 
Referring to Fig. 5, the conversion member 50 is moved to the uppermost position 
an d t h e pair of claw ^ c mbers 3 arc posi tio n e d so tha t t hey arc separated by the 
maximum distance. Ilovyever, when setting the workpiccc the pair -of-daw 
25 members 3 docs not necessarily need to be separated by the maximum distance. 



I t il 
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Next, the end of a rotation tool such as a hexagonal wrench is engag e d 

with the angular hole 4a of the input shaft member 4, and the input shaft member 
4 is manually rotated with the rotation tool so tlmt the pair of claw members 3 
mo ve t o w a rd each other. In the worm gear mechanism 5> the worm gear 40 rotates 
integrally with the input shaft mcmbcr4y and the wo rm wheel 4 1 meshed with the 
worm gear 40 rotates around the vertical axis i 
In the second gear mechanism 6, 



vertically when the worm wheel 41 is rotated, so the screw shaft n^ mbcr-46 
screwed to tlic threaded hole 45 of the worm wheel 41 is driven downward, and 



o 

Qi 10 the conversion member 50 secured to the screw shaft member 46 is driven 

^ doAvnwa rd-f is well. 



In the conversion mcchanism -?7 ^cn the conversion member 50 moves 

downward the operation of the sloped engag e ment grooves 51 of the conv e rsion 
member 50 and the pair of engagement sections 52 cause the pair of claw 
^ 15 members 3 to come closer, i.e., move toward the workpicce W . As sh ow n in Fig. 

4, the upper ends of the claw sections 3 la of the pair of claw mem be r s 3 firmly 
chuck the workpi c ce W from the l eft and riglit. Machining is then performed on 
the workpicce W from this chu cke d stater 

When removing the workpicce W, the rotation tool is u s e d t o rotate th e 

20 input shaft member 4 in the opposit e dir e ction so that the claw members 3 move 

a way from each other . The rota tio n causes the screw shaft member 46 to mov e 
upwa i^ d via th e worm gear mechamsm 5 and the second gear mechanism 6. This 
eauses-thc conversio n member 50 secured to tlic screw shaft member 46 to move 
upward as well, driving th e claw - members 3 away from each oth e r via the 
25 conversion mechanism 7. This releases the chucked state. 
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According to this chuck device 1 , the worm gear mechanism 5 allows the 

rotational diivc force input through the input shaft member 4 to be significantly 
increased (multipli e d). Furthermore, the second gear mechanism 6 increases the 
rotgrtim^ l - drivc force transferred from the worm gear mechanism 5 and transfers 
5 it to the screw shaft member 4 6 , driving the screw shaft member 46 in the axial 

direction. The - axial drive force transferred by the screw shaft member 46 is 
redirected and increased by the conversion m c c faani sm 7 and is tiaiisferrcd to the 
pair of claw members 3. This causes the claw m e mbers 3 to move symmetrically. 

By providing the worm gear mechanism 5, the second gear mechanism 6, 

O 10 and the conversion mechanism 7 as described abo v e, the drive force input tlirough 

^! the input shaft member 4 can be increased in three stages and then transferred to 

the pair of claw members 3 . As a r e sul t, simp l y applying a manual drive torque 
7^ to the input shaft member 4 ca n fi rmly chuck the workpi c cc W. As a result, th e 

M= usability of the chuck device can be improved and chucking op e r a tions on the 

'Ln 15 workpiece W can be made more effici e nt, thus preventing reduced machini ng 

precision and damage to cutting tools. 

A high ratio fo r increasing the drive forc e can b e p rovided even without 

a very larg e ratio bctwcen^e-dis placcment st roke of the claw members 3 and the 
displacement strokes of the conversion member - 50 and the screw shaft member 
20 46: 

Since the pair of claw m e mbers 3 is mounted on the upper surface of the 

base member 2 and the worm gear mechanism - 5 and the second gear mechanism 
6-are-mQuntcd- inside the b ase member 2, the struc t ure for increasing the drive 
force can be made compact. Also, entry of debris into th e^ "gear"mcchamsms""5'^6 
25 can be prevented. 
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Since the claw members 3 arc disposed facing each other and the legs 30 

of the claw members 3 arc slidably engaged with the shared engagement g i-o o vc 
1 1 formed in the base member 2, the shared engagement g r oove 1 1 can reliably 
guide and support the claw members 3 along tlieir axis of motion. As a result, th e 
workpieee W can be reliably chucked by being supported from either side by the 
claw members 3. 
Next, cxati] 



described. 

1) The worm gear mechanism 5 can be omitted. If this is done, a rotation 



p 10 member is provided to sub sti tute for the wo r m wheel 41, and tlic screw shaft 

m ' 

S| 



member 46 is screwed into a threaded hole form e d in this rot a tion m e mber. Some 
sort of input member to input rotational drive fo rce can be provided to rotate tliis 
£ rotation member , so that the screw shaft member 46 is driven axially. 

2) Instead of the pair of claw members 3, a single claw member can be 

15 provided, and the workpieee can be chucked by supporting it between th e claw 

member and ar rccciving secti o n of the base member. Alternatively, three claw 
members can be provi d ed , and t he work pieee can be chucked using tliesc three 
claw members. Changes in the n u mber of claw members can be easily handled 
simply by changing the number and positions of the sloped engagement grooves 
20 formed on tlie conversion memb e r m the conversion m e chanism. 

3) The input shaft member 4 can be rotated by an act ttatorsuch as a mo t or 

to apply rotationa l-drive force t hrougli the input shaft member 4. Since rotation 
of the inp u t shaft member 4 doe s-not-rctiuirc-a4t igh drive forc e, the-aet uator can 
be compact, thus allowing the chuck device to be compact and reducing 
25 production costs. 
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4) An upper plate, used to chuck the workpicce by supporting it in 

cooperation with - onc of the claw members 3, can be secuicd to the lowered 
section 12 using b otts^scr cwcd into the lowered section 12. In this case, the other 
claw member 3 would not be used. However, by mounting the upper plate for 
5 workpicecs having certain shapes, it would be possib l e to chuck workpicccs 

smaller than the workpicccs W chucked by the pair of claw members 3. 
Furthermore, after the upper plate is mounted, the upp e r plate can be cut mto-a 

y, shape cor r esponding to the shape of the workpicce using machine tools or the like ? 
This provides r eliable chucking for different workpicce shapes. 
10 5) Various other modifications may be cfFcct c d without departing from the 

^1 spirit of the pr e sent invention. Also, the present invention can be used in chuck 



devices that secure the w o rk piece to a rotating body of a ma e 



p secure tools to the principle axis : 

J^i P ossibl e uses in industiy 

fff 15 With the chuck device according t o t he present invention as describ ed 

above, a light manual drive force can be applied to drive the claw members 
forcefully and provide firm chucking of workp ieees^ r the Hkc. Thus , a c o mpact 
and high-performance chuck device for providing workpicccs and tool s-4s 
p r ovided, and chucking operations can be made more efficient. 

20 Abstract 



A chuck device (1 ) includes: a worm gc£ir mechanism (5) decelerating a 

rotational drive for ce applied through an i n put shaft member (4); a second gear 
mechanism (6) using the rot ationa l drive force transferred fi^om tlic worm ge ar 
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mechanism (5) to drive a screw shaft member (46) in the axial direction; and a 
conversion mechanism (7) redirecting the axial drive force transferred by -fee 
screw shaft mcmb <^r{46>^& dri ve a pair of claw members (3) S3^mmetrically . Thus> 
the rotational drive force applied tlirough the input shaft member (4) is increased 
by the worm gear mechanism (5) and the second g e ar m e chanism (6), and this 
rotational drive force is redirected by the conversion mechanism (7) and 
transferred to the claw members (3), allowing a workpiecc or tool to be firmly 
chucked. 



10/009879 

aC13Rec'dPCT/PT0 1 



M1990-17.PA4 



Patent 1 

W.\USERSWidrew\wpdata\M1990- 17.PA4 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 


Takayuki KURODA 


Serial No. 


not assigned 


Filed 


concurrently herewith 


For 


CHUCK DEVICE 


Examiner 


not assigned 


Art Unit 


not assigned 


Docket No. 


M1990-17 



CERTIFICATE OF EX PRESS MAn. 
I hereby certify that this correspondence is being deposited with the United States Postal Service as 
Express Mail, in an envelope addressed to. Hon. Commissioner for Patents^ Washington D.C. 2023 1 

Date 

By Margaret L. C$4^tein^ 
Signature : 

Customer Receipt No.: EL 754X53043 US 

FOURTH PRELIMESTARY AMENDMENT 
SUBSTITUTE DRAWINGS 



Box PCT 

Hon, Commissioner for Patents 
Washington, D,C. 20231 

SIR: 



Prior to examination on the merits, please amend the above identified 
patent application as follows: 

Kindly replace the drawings in the original application with the enclosed 
substitute drawings under 37 C.F.R. §1.121 (now amended). 



Patent 2 M1990-17.PA4 

W \USERS\&ndrew\wpd!aa\M1990-l7 PM 

CLEAN VERSION 
IN THE DRAWINGS: 

Kindly note that a clean copy of the now revised substitute drawings are 
provided herein. 



10/009879 

JC13R8C'dPCT/PT0 13 NOV 2001 



Patent 3 M1990-17.PA4 

W \USERS\andTew\wpdata\MI990-17 PA4 

REMARKS 



The drawings are amended to accord to US review practice. The drawings 
have been identified with correctly oriented "Fig. #" indications, with "Prior Art" 
indications, repositioned page numbers and minor additions for clarity only, no 
other changes have been made. 

The version with markings to show changes made is in red ink, as required 
under §1.121. 

© No other changes have been made. 

No new matter is added. 



The Commissioner is hereby authorized to charge payment of any fees 
associated with this communication, or credit any overpayment, to Deposit 
Account No. 13-4550. 



j^ii Respectfully submitted. 



Andrew F. Young 
Reg. No. 44,001 
Attorney for Applicant 



The Morrison Building 
145 N. Fifth Ave. 
Mt. Vernon NY 10550 
Phone (914>667-6755 
Date: September 10. 2001 

Attached: VERSION WITH MARKINGS TO SHOW CHANGES MADE ON 
EACH DRAWING IN RED ATTACHED HEREIN 



10/009879 





2 



10/00987'^ 




